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2.0  INTRODUCTION 

With  the  advent  of  supersonic  operational  aircraft  during  the  past  decade  ihere 
has  been  increasing  demand  for  improved  procedures  for  predicting  the  distributed  and 
integrated  force  and  moment  characteristics  of  wings,  bodies,  and  complete  aircraft 
configurations . 

In  regard  to  warped  triangular  wings,  the  steady-state  forces  (excluding  drag) 

1-2  4-7 

and  moments  have  been  fully  developed  and  reported  on  by  the  author  and  others 

for  a  ten-term  power-series  approximation  to  the  actual  downwash.  With  the  exception 

10 

of  a  iimited  amount  of  additional  terms  by  Roper  ,  the  excessive  labor  involved  has  pre¬ 
cluded  the  analytical  consideration  of  terms  more  than  the  first  ten  of  the  power  series. 

It  is  recognized,  however,  that  not  only  is  it  possible  to  obtain  any  desired  number  of 
solutions  by  means  of  high-speed  digital  computing  equipment,  but  that  some  organiza¬ 
tions  have  already,  or  are  in  the  process  of  accomplishing  this.  For  example,  at  Convair- 
San  Diego  the  complete  design  problem  has  been  mechanized  for  highly  generalized  plan- 
forms  comparable  to  the  method  discussed  herein.  The  Forth  Worth  Division  of  Convair 
utilizes  power  series  expansions  for  the  downwash  which  Involve  oblique  Mach  line 
coordinates. 

Se\eral  noteworthy  contributions  were  made  to  the  development  of  low -drag  delta 

wings  particularly  of  the  subsonic  leading  edge  variety.  Baldwin*^  warped  subsonic 

leacdng-edge  uelta  wings  to  support  some  non-singular  specified  distributions  of  lift. 

,  12 

Tucker  presented  a  method  to  warp  subsonic  leading-edge  v.lngs.  The  assumed  non- 

singular  pressure  distribution  was  replaced  by  four  terms  of  a  power  series,  the  constants 

of  which  were  chosen  to  satisfy  the  design  lift,  pitching-moment  and  the  condition  of 

nearly  elliptic  span  loading.  Tsien1"  studied  subsonic  leading -ouge  delta  wings  of  the 

conicid  family  cambered  to  give  minimum  pressure  drag  with  and  without  full  leading  edge 

14 

suction.  Rodriguez,  Lagerstrom  and  Graham  extended  the  drag  reduction  procedure 
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developed  by  Graham* whereby  use  Is  mane  of  orthogonal  loadings.  Strand**’  applied 


the  Graham  technique  to  the  problem  of  sonic  leading -edge  de.ta  wings.  Using  four 


terms  of  a  Legendre  polynomial  representation  for  the  uownwush,  the  method  produced 


^  17  In,  13 

nearly  7%  drug  reduction  from  the  untrimmed  flat  plate.  Grant  approximated  Jones' 


criterion  of  constant  dovvnvvash  in  the  combined  forward  and  reverse -flow  ficl  is  by  usfig 


Lagrangian  multipliers  to  combine  four  non-singular  loadings  on  delta  wings  having  sub- 


son,  c  leading  edges.  To  date  the  best  wings  were  developed  in  a  recent  paper  by  Doris 


Cohen  .  Generally,  six  terms  of  a  power-series  expansion  for  the  do.-nwash  were  used 


to  determine  the  shape  of  subsonic,  sonic  and  supersonic  leaning-edge  delta  wings.  For 


the  subsonic  leading  edges  the  results  include  the  effect  of  full -leading  edge  suction 


11,  12,  13 

thereby  leading  to  greater  reductions  than  the  results  of  previous  methods 


For  sonic  leading  edges  gains  of  d. 9'!  were  reported  for  the  series  considered.  A  similar 


treatment  was  concurrently  reported  on  by  Fcnain  and  Valice  .  At  Convair-Fort  Worth 


Stewart  and  Danby  and  Stancil  developed  procedures  for  determining  the  shape  of  wings 


having  nearly  minimum  drag-duc-to-iift . 


In  order  to  achieve  the  leading-edge  suction  it  is  necessary,  however,  to  bend  the 


wing  leading  edge  in  the  direction  of  the  streamlines  to  avoid  separation.  Leading  edge 


conical  camber  may  be  used  to  maintain  satisfactory  characteristics  at  subsonic  speeds 


for  .Ing  shapes  designed  to  operate  at  supersonic  conditions.  The  optimum  leaning  edge 


conical  camber  is  a  function  of  lift  coefficient  anu  Mach  Number  ami  movable  leaning- 


edge  controls  may  be  In  order. 


None  of  the  previous  methods*  for  drag  reduction  have  considered  the  large  trim 


drag  at  supersonic  spec  ns  for  tailless  aircraft.  In  addition  t  the  possible  requirement  for 


maint'dning  straight  hinge -lines  a  further  orag  savings  can  be  realise  -.  If  the  constraint  of 


trimmed  flight  is  applied  at  the  design  lift  coeflieient. 


except  Tucker. 
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At  subsonic  and  lo  w  supersonic  speeds  (where  the  component  of  Mach  Number 

normal  to  the  leading  edge  Is  subsonic)  a  suction  force  may  be  realized  provided  that 

leading-edge  separation  is  eliminated.  Boyd,  Mi  got  sky  and  Wetzel  "  published  a  method 

to  determine  the  required  leading-edge  modification  for  some  restricted  flat  delta  wings. 
23 

Recently,  Falk  developed  a  design  procedure  to  determine  the  required  modification  for 
given  warped  (as  well  as  flat)  delta  wings  utilizing  slender -body  theory. 


The  current  paper  presents  the  formulas  in  closed  form  for  the  one  hundred  dis¬ 
tributed.  and  integrated,  drag  contributions  resulting  from  a  ten -term  power-series  expnn- 
sion  for  the  down  wash  on  deita  wings  having  subsonic,  sonic  and  supersonic  leading  edges. 

With  the  formulas  included  for  the  suction  forces  for  subsonic  leading  edges  one  may 
thereby  compute  the  drag  for  off-design  conditions  for  warped  delta  wings  with  undeflected 
elevons  at  supersonic  speeds  \  hen  the  known  mean  chore  iine  is  expressible  by  the  chosen 
power  series.  This  procedure  has  been  programmed  for  the  IBM  704  Digital  Computer  for 
the  determination  of  the  mean  chord  shape,  drag  poiars  and  ;  Itching  moment  for  pointed 
tip  wings  having  swept  trailing  edges  (e.g.  ,  arrow  and  diamond  wings).  The  set-up  did 
not  include  design  for  subsonic  leading  edges  since  this  case  is  ol  little  practical  com¬ 
petitive  interest.  The  drag  polar  for  off -design  conditions  •..here  the  closed  form  equations 
for  the  mean  chord  shape  are  modified  by  either  or  both  clevon  deflection  and  leading -edge 
camber  (not  described  by  the  chosen  power  series  for  the  do.vnwash)  are  computed  by 
numerical  means  by  an  IBM  704  program  prepared  by  the  Dynamics  Group.  This  later 
procedure  requires  only  the  design  shape  with  the  numerical  modifications.  Furthermore, 
this  IBM  704  program  will  compute  the  required  shape  which  under  aeroelastic  load  will  deflect 
to  the  shape  predicted  herein. 

The  procedure  for  determining  the  mean  chord  line  for  delta  wings  trimmed  for 
level  (light  at  oeslgn  lift  coefficient  with  two  straight  hinge-lines  is  described  in  the  text. 

The  detailed  procedure  lor  some  iliustruti'e  examples  are  included  in  the  Appendix  for 
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the  option  of  the  reader.  In  order  to  make  the  drag  expression  more  tractable  for  the 

minimization  procedure,  the  interference  urag  terms  were  eliminated  at  the  design  con- 

15 

dition  by  constructing  orthogonal  loadings  .  (The  evaluation  of  the  design  drag  coeffi¬ 
cient  thereby  requires  only  ten  known  orthogonal  terms  or  merely  two  Lagrangian  multi¬ 
pliers  instead  of  one  hundred  drag  terms  as  required  for  off -design  conditions.) 

Several  delta  wings  ha\  ing  sonic  and  supersonic  leading  edges  were  designed  and 

compared  to  the  flat  plate  value.  All  designs  -  ere  carried  out  for  the  ten-term  power- 

series  expansion  for  the  downwash .  For  a  sonic  leading  edge  delta  .vlng  at  C  =  .  Uhl, 

(1 

about  0.rf/{  drag  reduction  from  the  untrimmed  flat  plate  was  found  without  specifying  the 
static  margin  and  with  only  one  straight  hinge-line.  The  penalties  mentioned  previously 
nullify  the  gain,  however.  A  second  sonic  leading  edge  v  ing  designed  for  trimmed  !  d 
flight  indicated  about  4 5% drag  reduction  from  the  trimmed  flat  plate.  The  tlurd  wing  oi 
this  group  designed  for  trimmed  level  flight  with  two  straight  hinge-lines  resulted  in  about 
53%  less  drag  than  the  trimmed  sonic  leauing-edge  flat -pi  ate  delta  wing. 

Similar  studies  were  carried  out  for  delta  wings  having  supersonic  lea  ilng  edges. 

For  the  supersonic  leading-edge  delta  wing  at  design  C  =  .do 7,  the  untrimmed  case 

Li 

resulted  in  about  :...’<% drag  reduction  irom  the  untrimmed  Hat  plate.  The  second  v.lng  of 
this  group  uesignec!  for  trimmed  level  flight  resulted  in  about  5:1% drag  reduction  from  the 
trimmed  flat  plate.  The  supersonic  ieading-eoge  delta  wing  designed  for  trimmed  level 
flight  with  two  straight  hinge-lines  resulted  in  .59%  less  drag  than  the  trimmed  flat  plate 

No  illustrative  examples  were  carried  out  for  wings  having  subsonic  leading  edges 
for  lack  of  interest.  However,  the  procedure  outlined  for  the  sonic  and  supersonic  cases 
applies  and  ail  the  quantities  required  for  application  are  included.  It  is  pointed  out  that 
the  current  procedure  can  include  loading-edge  suction  at  the  optic:,  of  the  reader. 


The  curdcal  fu  Actions  dor: .  ed  herein  for  the  section  drag  parameters  were  used  to 


set-up  an  IBM  704  program  to  treat  pointed  tip  wings  having  .mporaonic  swept  trailing  edges. 
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The  effect  on  drag  reduction  of  including  additional  terms  up  to  ten  taken  one  at  a 
time  is  illustrated  for  the  sonic  leading-edge  delta  wing  without  restraints. 

The  drag-due-to-liit  is  quite  sensitive  to  the  shape  of  the  mean  chord  line.  For 
this  reason  it  is  suggested  that  the  next  logical  step  in  this  direction  would  be  to  include 
flexibility  in  the  drag  reduction  process.  The  extension  could  be  made  by  using  a  con¬ 
servative  structure  and  replacing  the  resulting  elastic  warp  by  a  power  series  similar  to 
the  one  used  for  the  rigid  wing  downwash. 
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3.0  SYMBOLS 


3.1  FREE  STREAM  CONDITIONS 


Velocity 


Mach  Number 

2  1/2 
(M  -1) 

Mach  angle ,  arc  sin  (l/M) 

Mass  density  of  air 

c 

L 

Dynamic  pressure  of  free  stream  (1/:.)  ,>  V 


3.2  WING  GEOMETRY 


Semisuan 
Local  chord 


Root  chord 


Average  chord,  c  / 2 
r 


Mean  aerodynamic  chord,  (2  O'.)  c 


Vv'ing  Area 

Wing  half  apex  angle 

Angle  bet.  een  trailing  edge  and  stream  axis 


l  tan  « 


x,  v,  z  Cartesian  coordinates  of  system  of  axis  v. ith  origin  at 

leading  edge  of  root  chord 

a,  a{\' ,  y ')  Wing  angle  of  attack  in  stream  direction,  radians 
,  r  s 

«  (x  )  (>’) 


x,  z  non -u.mcnsionallzec  be  c  ,  b/2.  c  ,  respective!  \ 

r  r 

Constants  of  proportionality 


L 
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3.3  ANALYSIS  PARAMETLR 


xx  yy  zz 


•'>  (x,  v) 
n 


x  ,  y 
n  n 


velocity  potential 

horizontal  perturbation  velocity  (  =  3  ••  1  0  x) 

second  partial  derivatives  of  velocity  potential  with 
respect  to  x,  y,  z,  respectively 

velocity  potential  normal  to  leading  edge 
velocity  normal  to  leading  edge 

coordinates  perpendicular  and  parallel  lo  leading  edge 

upwash  veiocit'1  (  =3o/3  v) 

P  y/  x 

arc  cos  ,1/ m) 

arc  cos  [  (l-mt)/(m-t)  ] 

arc  cos  f  (l+mt)/(m+t)  ] 


0  arc  cos  h  |  m/t  | 

vl 

0^  arc  cos  h  |  l/t  | 

x^,  value  of  x  at  trailing  edge 

A  p/  .  lifting  pressure  coefficient 

K,  M  complete  elliptic  integrals  of  the  first  and  second  kinds, 

respectively,  with  modulus  ~ 

A,  ,  a.  .  b.  Functions  of  m,  K,  II  defined  In  Table  I,  reference  3,  v  ith 
1  i  i  i  . .  ....... 


c  ,  e  ,  f  ,  d 
I  i  Si 


!  additional  results  tabulated  in  section  o.2  herein 


C  ,  C,g  ,  C  span  load  parameter,  chord  load  parameter  and  section  drag 
coefficients ,  resteetiv  ely 


•i  2  A 
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L,  D,  M 


C  ,  C  ,C 
L  D  M 


•ving  lift,  drag  and  pitching  moment,  respectively 

vine  lift  coefficient,  L/qS;  wing  drag  coefficient,  D/’qS; 
wing  pitching  moment,  M/qSc,  respectively 


E.(t);  F.(t);  j  conical  functions  upon  which  the  following  cooffici  nts 

depend,  respectively:  velocity  potential  and  span  loading; 
G,(t);  H.  .(t),^  pressure;  pitching  moment;  and  drag 


g.(tl.  h.(tl  1 
!  1  _ 


1.  J 


D 

t 


-  ^ 
n  n ,  k  > 

1 


G  ,  G 
G 


n 


X 


ik 


1,1 


kn 


kn 


ai  '  ^ 

kn  kn 


d 

F(Y’) .  T 


C. 


M 


ac 


functions  of  m  upon  which  the  suction  drags  depend 

a  number  used  to  indicate  percentage  of  full  leading  edge 
suction  assume.. 

suction  drag  coefficient 


functions  use.i  to  obtain  suction  drag  (see  section  4.3> 


orthogonal  weighting  numbers 


C  + 
D 

i. 


+  CD* 

1,1 


weighting  numbers  chosen  to  minimize  the  drag 

functions  of  X  and  a,  I  equation  (4.42  ] 
ik  kn  *  1 

a,  /(3C  and  /'|3C  ,  respectively 

kn  L  ,  kn  L  , 

d  d 

design  lift  coefficient 

functions  required  to  satisfy  geometric  boundary 
conditions 

pitching-moment  coefficient  about  a  fraction  x  of  the  M.A  C 

m 


m 


point  of  zero  pitching  moment,  percent  of  M.A.G. 
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1 . 0  ANALYSIS 


4.1  Background 

In  order  to  compute  the  shape  of  \  logs  having  reduced  drag -due -to -II  ft  at" 
supersonic  speeds  as  well  as  the  drag  of  the  resulting  configurations  it  is  neces  • 
sary  to  know  the  pressure  distribution.  The  pressure  distribution,  however, 
depends  upon  the  down  wash  over  the  ving.  The  procedure  used  herein  is  to  assume 
that  the  wing  shape  is  expressible  in  terms  of  the  power  series 


r  =  -  or  (x’ ,  y  ’)  ---  - 


/  «  (x  ) 

/  rs 
s 


for  r  h  s  ts.  where  the  primed  quantities  are  notw.imensionalized  by  c  and 

r 

b/2,  respectively.  Solutions  are  obtained  to  the  linearized  equation  for  the 
velocity  potential . 


xx  yy  zz. 


for  the  boundary  conditions  of  equation  (4.  1). 

It  has  been  shown  In  reference  2  that  for  each  term  of  the  boundary  condi¬ 
tions,  equation  (4.1),  there  is  associated  a  notentiai,  (  t/or)  ’  ,  and  Its  eorre- 

rs 

sponding  horizontal  perturbation  velocity,  (  d>  /a)  *  .  Therefore,  for  con- 

x  rs 

venience,  ^  one  may  wTite  the  total  potential  and  total  horizontal  perturbation 
velocity  ;n  the  form 


The  change  in  notation  from  a  double  summation  to  a  single  one  represents, 
al  best,  an  abbreviation  to  make  the  following  work  more  readable.  For 
example,  this  analysis  has  been  restricted  to  r  I  s  <  2  and  so  equation  (4.  1) 
may  be  expanded  to  ten  terms.  For  each  of  these  "i  "  terms  there  is  an 
effective  potential  given  by  •,  *  such  that  the  total  potential  is  the  sum  of 
each  contribution.  Since  all  the  acrod.  namlc  quantities  are  related  to  the 
potential  the  remaining  definitions  are  consistent. 
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4f  h- 

<» 


*  -  /  •:> 

'  i 


v 


<->  * 

X  <- 


).* 
X  i 


(1.3) 


(1.1) 


.here  1  is  now  related  to  rs  as  shown  in  Table  I. 


TABLE  I 


Relation  Between  the  Singie  Index,  l.  and  the  Double  bide":,  rs 


i 

rs 


0 

1 

2  5 

| 

4 

it 

G 

uo 

01 

10  j  02 

11 

i  20 

03 

12  ;  21  30 


By  linear  theory  the  lifting  pressure  distribution  is  given  b\ 

A  p  4 


1 


ip 

V  x 


(R-5) 


and  it  follows  that  the  total  lifting  pressure  coefficient  may  be  written  in  terms 
of  each  of  the  contributions  corresponding  to  the  downwash  series: 


/  A  p 

q 


v  *  Ap 
■  .  1  \  qa 


O'  . 


(1.0) 


The  details  involved  v.ith  the  determination  of  the  quantities  (  ‘i/a)  ?  , 

i 

(  '.y  '  ol  y  ;uid  (Ap/q  a  )  *  are  presented  both  in  analytical  and  graphical  form 
for  the  first  ten  terms  (r  +  s  3)  of  the  clown  v  ash  for  subsonic,  sonic  and  super 
sonic  leaiiing  edges  In  reference  3. 
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4.2  Aerodynamic  Characteristics 


The  lift  moment  and  drag  coefficients  are  define^  ,  respectively,  b,. 


C  '  4-  i  I  — 

L  S  , 


1  >  ,  A  o 

s  I  /  x  "s 

■  JJ 


1  /  A  p  dz 


Substituting  equation  (4.  ('.)  into  equations  (-1 .  7)  to  (1.9)  results  in 


Cd  =  '•  ,  (C  ’a)  *  a 

L  •  L  i  i 


(4.10) 


(C  /  a)  *  a 
M  I  i 


(4.11) 


/  a  /  a  C 

r  1  V  j  di. 


(4.12) 


=  -  «  (x ,  y 


(4.i: ) 


The  form  of  the  urag  coefficient  results  from  the  substitution  oi  two  pov>er  scries 


for  the  'lifting  pressure  coefficient  and  the  slope,  respectively .  into  equation  (i,9). 


ANALYSIS 
PREPARED  BY 
CHECKED  BY 
REVISED  BY 


C  O  N  V  A  I  R 

A  DIVISION  or  CCNCXAl  DYNAMICS  CORPORATION 

SAM  DIEGO 


PAGE  14 

REPORT  no.  ZA-2G9 

MODEL 

date  :30  October  1 91: 7 


Thus  *  is  the  contribution  of  the  pressure  coefficient  (Ap/qa)  *  induce  :  by 
i.J 

acting  upon  the  ••owmvash  a,  . 

The  functions  (0  /a)*  and  (0  /a)*  are  presented  in  both  analytical  and 
L  i  M  i 

graphical  form  in  reference  9  for  subsonic,  sonic  and  supersonic  leading-edge 
i.elta  wings. 

The  basic  drag  contributions  .'ere  derived  as  follows- 


1  *  =  /  C  * - 

D.  .  /  c!  .  c 

j'  1-J  av 


(4.14) 


C  ,  * 
u,  .  c 
i.J  av 


A  p 


V  dx7: 


([■/,'  "  '  s  , 

-.  ith  - -  now  considered  to  be  equal  to  (x')  (v * )  lor  y  i  1),  .-  here  the 

d-: 

jirimes  on  r  and  s  signify  that  the  loading  (rs)  may  interfere  with  the  down  wash 


(r'  s') 


i.  illation  (4.  l.>)  reduces  to 


W,  ^ 

i ,  J  av 


/  2  c 

_L  (  ,_r 

TT  V  P  b 


(X')  li  (t) 

i.J 


(4.1G) 


where 


l  +  n  +  n'  +  s  +  s' 


m  (in  -t) 
o  o 

/  Cl  -  in  X 

-° - ^ 


(4.1,1 
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liquation  (4. 1(.)  Is  valid  for  all  triangular  wings.  The  functions  Ii^  (t)  arc  pre¬ 
sented  in  closed  form  in  the  Appendix,  section  3.1,  Tables  A,  B  and  C  for  sub¬ 
sonic.  sonic  and  supersonic  leading  edges ,  respectively. 

Substituting  equation  (4.  lfi)  into  equation  (4. 11)  there  follows 


m  -  m  x 
8  _  o  N 


1-i-s+s 


m 


C  *  ^  —  i  -  ,  m 

D  .  ir  \  m  m  /  o 

‘  i  j  o 


2  +  K 


-2  K 


I  (m  -  t)  “  H  (t)  dt  (4. 1J) 

o  i.j 

J  o 


which,  for  delta  wings  (m  -  )  reduces  to 

o 


% 


1  > 


m  / 


1  +  s+s  1 


m 


/ 

J  o 


II  (t)  dt 

i ,  i 


(4.19) 


The  functions  C  +  are  presented  in  the  Appendix,  section  3.3,  Tables  A,  13,  C 
(-J 

and  D,  for  subsonic,  sonic  and  supersonic  leading  euges,  anu  the  limiting  case, 
m  ---  o,  respectively. 

For  wings  with  swept  trailing  euges  equation  (4.  13)  may  be  readily  evaluated 
with  the  aid  of  high-speed  computing  equipment,  a  proee  ure  currently  being  pro¬ 
gramme.:  at  Convair-San  Diego. 

4.3  Suction  Drag  Coelficients 

22 

The  suction  drag  cocflicient  is  defined  by 


C 


D 


2  *,r 

IT 


b/2  2 

n 
on 


d\ 


(4.2U) 


Q 
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where 


3n 


2' 

m  cos  e 


(4.21) 


(4.22) 


and  v  is  the  velocity  normal  to  the  leading  edge,  x  and  y  are  the  components 
n  n  n 

of  x,  y  normal  to  and  parallel  to  the  leading  edge,  respectively. 


v 

n 


9 
3  x 


>  (x  ,  y  ) 
n  n 


n 

From  equation  (4.4)  it  follows  that 


(4.23) 


G 


1 


n 


(4.24) 


where  G  is  the  contribution  of  the  k  term  of  the  do.  nwash  to  G  :md  G1  is 
n ,  k  n  n 

the  value  of  G  corresponding  to  i  terms  of  the  dowmvash. 
n 

The  suction  drag  coefficients  which  are  presentee  in  the  Appendix,  section 
3.4,  for  various  terms  of  the  downwash  equation  may  be  expresses  by 


C 


(n) 

Dt,i 

j 

n 

=  k  ‘  t. 

V  1 

2 

c 

ZL  ,  in 

'  jn 

L 

i=U 

j-o 

d 

T  y 

i.i 


(4.25) 


L_ 
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•/here  the  superscript  (n)  refers  to  the  highest  number  of  terms  of  the  po\»er 
series  for  the  downwash  and  T  *  are  functions  of  m  =  -  tan  e  ..  Uncited 

i .  j 

references  indicate  the  amount  of  leading-edge  suction  likely  to  develop  depends 
upon  m  and  the  nose  shape.  The  parameter  0  <.  -^1.0  may  be  used  empirically 

in  tills  regard. 

4 . 4  Drag  Reduction 

4.4.1  Orthogonal  Loading 


The  minimization  of  the  drag  is  greatly  facilitated  by  eliminating  the 

15  .  (k)  (k) 

interference  drag  .  A  set  of  orthogonal  loadings,  (Ap/q)  ,  a  ,  are 

constructed  from  the  basic  loadings,  (Ap/q)  ,  a  ,  by 


X,  a 
lk  i 


(4.2C) 


A  p  y 

~t  J 


,  A  p\ 
ik\  q  / 


(1.27) 


v  here  n  is  the  number  of  terms  (0,  1,  2  . .  .  9)  of  the  downy, ash  pocer 
series  use.*  and 


a  =  (x')r  (■.  ')S  .  ^  0 

i 


(l. 28) 


(reference  d) 


(4.29) 


X  are  weighting  numbers  chosen  to  satisfy  the  orthogonality  requirement 
ik 

that  the  inner  drag  product  disappears 
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/'  7  A  p  \  A  p\  i 

— —  )  a  +,  —  a  d  S  =  0 

V  •1  >  i  V  q  ; 


The  X  ,  are  obtained  from 
lk 


(‘<.30) 


"  x  x  =  o . 

/  ,  ik  i , ) 

1=0 


=  0,  1,  2  . .  .  k-1 


(4.21) 


X  =  X  =  C  *  +  C  * 

i,J  j.i  D.  .  \) 

i.J  i.i 


(4.32) 


A  new  loading  (  Ap/  j,  a  )  is  constructed  from  the  orthogonal  set  ’ 

with  the  aid  of  the  weighting  numbers  a  where 

kn 


v — 1  \ 

a  =  \  a,  a 

/  i  kn 


n  .  x(k) 

V  '  „  ;  A  £  \ 

A_i  ‘ kn  V  q  ) 


(4.32; 


(4.34) 


Substituting  equations  (4.33)  and  (4.34;  into  equation  (4.9)  rcsulis  in 


2  ,  ,(k) 
a,  (c 
kn  v  D 


ID 
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■f  ► 


<¥- 


1  dz ' 
p  C  ~  dx1 


“(x',.')  _  v~,  -  k 

—  —  =  N  a  a 

I’  C  _ _ ,  kn 

d  k=0 


(1.40) 


where  z  and  x  are  non-dimensionaiized  by  c  and  y  Is  non-dlmensionalized 

r 

by  b/  2 . 


Integrating  equation  (4.39)  there  results 


r 


(4.41) 


(k) 

where  (y ')  is  used  to  satisfy  geometric  boundary  conditions.  Since  « 
can  be  represented  by  a  series  in  terms  of  the  basic  downwashes ,  «  , 
equation  (4.41)  can  be  made  more  tractable  by  means  of  the  substitution 


n 

T.  =  V’  X  a 
Kn  /  j  id  in 

i  =  k 


(4.42) 


v hich  results  in 


dx'  p  T  (y  ' ) 


(4.43) 


|  OH  M  ' 
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('or,  +  'in  *’*♦  »«,*’*'>*’ 


1  2  2 
+  —  (  ;  +  i?  y 1  +  $  y  T  )  x  ‘ 

2  v  2n  1 4n  y  In  J  ' 


+  ~  (  c.  +  t  y')x'li+-7-  i!'  x'*1  +  T  (y ' )  (4.44) 

3  5n  8n  4  9n 


4.4.3  Drag  Reduction  vdth  Specified  Static  Margin  at  Design  Lift 

23 

This  probiem  is  readily  treated  with  the  aid  of  Lagrange's  constant 
multipliers.  The  static  margin  is  specified  in  terms  of  the  pitching-moment 
about  the  leading  edge  apex  by  means  of  the  transfer  formula 


1+2  x, 


(4.45) 


where  is  the  point  at  wliich  zero  moment  is  desired  as  a  given  fraction 
of  the  mean  aerodynamic  chord.  From  equations  (4.7),  (4.8)  and  (4.34) 
there  results 


a  (C  *  )(k) 
kn  L 


(4.40) 


=  \n 

k=l) 


(CM> 


(4.47) 
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(CM)(k) 


n 

V  X  G  * 
,  j  ik  M 

1  =  0 


(4. 49) 


Define 


D 


D 


]  c  2 
'  CL 


+  T  ’’  Q  <o 

/..  j  1  1 


(4.49) 


d  i  =  1 


(where  1-2) 


<P, 


>P, 


n 

y  ’ 

/  .  j 

k=0 


/  .  / 
k=0 


aL  <Cr 

kn  L 


,  4  oo 


-1  =  0 


(4.50) 


-  ...  .(k) 

kn  M 


1+2  x 


m 


=  0 


(4.51) 


The  condition  for  the  drag  to  be  a  minimum  for  the  specified  lift  and 
static  margin  Is  satisfied  when 


3  V 1  cl' 


9 


ai 


Kn 


/ 

... _ i 

1  =  1 


n 


1  5  a 


kn 


0 


(4.52) 
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The  n  f  2  unknowns  (a^  ,  S2  )  can  be  determined  by  matrix  methods 

using  the  n  t  3  equations  (4.50),  (4.51)  and  (4.52).  For  the  simple  case 

under  consideration  where  (  =  2,  an  alternate  aoproach  Is  to  relate  a, 

an 

to  0  ,  determine  0  from  the  tv.o  boundary  equations  and  then  compute 

i  1 

a^  .  Thus,  from  equations  (4.52)  and  (4.35)  there  results 

f  0.  »*, 

i-i 


2 


which  Is  substituted  into  equations  (4 . 5 <  )  and  (4.51): 


(4.55) 


n  [(C*)(k)| 

-•  I  L  h  J 

’  ■  (C*)(k) 

k=C  V  D 


+  n 


n  (C  *)(k>  (C  *)(M 
v  - 1  _L _ M _ 


2 

k=0 


tCD)<k> 


(4.54) 


(CL)(k)  (CM)(k) 


+  n  \  ’ 
2  .  , 


J 

«=/’ 


=  1  +  2  x  (4.55) 
m 


The  summations  In  equations  (4.54)  and  (4.55)  are  determined  from  the 
previously  computed  quantities  (C’*)^,  (C^/k\  (r^)^'  . 

The  total  drag  at  the  design  condition  may  be  determined  with  little  effort 
from  equation  (4.  35)  or  by  the  procedure  indicated  by  Stancil  .  Omitting  the 
details  involves  in  deriving  the  results  on  the  basis  of  the  current  analysis 
using  orthogonal  loads, 


ANALYSIS 
PREPARED  BY 
CHECKED  BY 
REVISED  BY 


C  O  N  V  A  I  R 

A  0IVI3I0H  OP  GENERAL  0YNAMIC5  CORPORATION 

SAN  DIEGO 


page  24 

REPORT  no.  ZA-259 
MODEL 

date  50  October  1957 


n  R 


(4.56) 


I  _  1  +  2  x  _  1 

i  0 ,  -  - —  -  5?.  Q  „  ( 


(4.57) 


a  (C*)(k) 
kn  L 


(4. 5d) 


V"  a  (C  * 

/  i  kn  M 


-  *^) 


1  +  2  x 


(4.59) 


The  mean  chord  line  is  determined  from  equation  (4.44)  when  a 

new  set  of  IT  are  computed  for  the  values  of  a,  obtained  in  this  section, 
kn  kn 

The  weighting  numbers  X  obtained  in  section  4.4.2  are  the  same  for  the 
present  section. 

4.4.4  Drag  Reduction  with  Specified  Static  Margin  and  Two  Straight 
Hinge-Lines 


This  problem  follows  directly  from  the  previous  problem  when  addi¬ 
tional  relations  between  a  are  obtained  which  describe  the  desired  boundary 

kn 

conditions.  This  resu'ts  in  additional  functions  *p.  (  i  -r  3)  for  equation  (1.52) 
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The  solution  for  this  problem  first  Involves  the  determination  of  n  +  i  +  1 

constants  (a,  ,  ft  )  for  which  there  are  a  like  number  of  equations.  The 

icn  i 

values  for  (5  are  determined  from  equation  (4.42)  using  the  proper  a 

kn  kn 

If  the  two  straight  hinge-lines  are  described  by  (see  Figure  4. 1) 


C  O  N  V  A  I  R 

A  DIVISION  or  GENERAL  DYNAMICS  CORPORATION 
SAN  DIEGO 


Z' 


'!3  C. 


6  4* 

l 


(at  x’  = 


n  v') 
1  J 


(4.60) 


+  5  y* 
2  3 


(at  x  ’  = 


"V 


(4.61) 


then  the  arbitrary  function  F  (y')  consistent  with  the  assumed  conditions  is 


2  _  .3  „  ,4 


r (y ' )  =  r  +r  y •  +  r  >• '  +r  y'  +r  y 
o  i J  2J  a  i 3 


where 


r. 


(4.62) 


A 


.  .  .  1,12,13 

0  =  u  -  m,  (c  +  -  m,  +  —  rn  c .  +  —  m,  ) 

u  1  On  2  1  2n  o  1  on  4  1  9n 


1  12, 

!  ,  “  o  -  n  v1  =  o  -  m  (■.'  +  -  m  c  +  -  m  ) 

1  0  1  On  2  1  In  2  1  4n  3  1  8n 


-n,  L  +  —  n  d  )  = 
1  In  2  1  s2n 


-m  (-’,  +  —  m  ) 
1  .sn  2  1  7  n 


v-  (4 .  n: ) 


1  3  1  -ra 


1  .  12., 

,  y  =  -n  L  +  —  n  +  —  n  ) 

1  Gn  1  3n  2  1  in  2  1  On 


0  = 


:  12,  i  3  , 

n  (.  +  n  J  +■  n  :  +  —  n  ..  ) 

1  On  2  1m  2  1  v  un  4  1  9n 
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The  equations  for  the  intersection  of  the  two  hinge-lines  is 


(6  -  6  )  = 
v  2  0 


<6,-6  > 

mi  ~  1 


(4.64) 


From  equations  (4.  63)  and  (4.64)  one  can  eliminate  T  ,  (5  -  6  )  and 

1  3  1 

(j  -  5  )  thereby  resulting  in  four  relations  for  a,  which  are  consistent 
2  0  an 

with  equations  (4.60)  and  (4.61).  Those  relations  were  written  in  the  form 


C  a 
k  kn 


(4.65) 


Dk  \n 


=  0 


(4. 66) 


Fk 

k=U 


(4.67) 


*6  s 


Ei  K 
k  kn 


(4.68) 


where  C,  ,  D  .  ,  F  are  known  functions  of  m  ,  n  ,  X  ,  given  in  section 

k  k  k  k  1  1  ik 

8.5  of  the  Appendix.  Thus,  the  n  +  i  +  1  unknowns,  ,  0  are  found  from 
the  n  +  i  +  1  equations 
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(k)  «  i 

2\  (C  n)  +  'S  ’  TJ- ~ 

kn  D  /  ,  l  c'a 


,k  =  0,  1.2...9  (4.09) 


,r}  =  0  ,  1  =  1,  2  ....  6 


(4.70) 


The  total  drag  Is  computed  from  equation  (4.35)  or  (4.56)  where =  0 
for  I  2  3  .  The  mean  chord  line  is  found  from  equations  (4.44)  and  (4.63). 

4.4.5  Drag  Reduction  for  Wings  Having  Subsonic  Leading  Edges 

When  leading  edge  suction  is  neglected  the  previous  techniques  are 
applicable.  When  complete  leading  edge  suction  is  included  [  Equation  (4.25)  ] 
the  drag  relation  becomes 


V'  \2  <cn,<k) 
. .  j  kn  D 


+  ..  V’  a-  V  a-  T  * 

T  /  ,  in  /  i  P  i,  j 
1  =  0  j  =  0 


(4.71) 


where  q  represents  the  percentage  of  full  leading  edge  suction  one  may 
expect.  Substituting  Equation  (4.71)  into  (4.52)  results  in  the  system  of 
n  +  1  equations 
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(k)  1  k 

2  (C  +)'  a  +  q  X,  V  1  X  T  *  \  1  a 

'  d'  Hen  4T  kk  <  .  pi  p,k  /  ,  i 


\  1  X  T  *  +  V  1  X  T 

i  pi  p.k  /  ,  pi  i 


) . =k+ 1 


1  *  \  c 

k'P  2__,  111 
i=k  + 1 


+  V"  ' 


i  9  a. 


(4.72) 


in  the  n  +  1  +  i  unknowns  a^  and  which  may  be  solved  by  the  previously 
established  method  compatible  with  the  additional  #  equations. 

The  mean  chord  line  is  determined  from  equation  (-1.44)  from  the 


7.  which  were  computed  in  terms  of  the  5,  which  resulted  from  the 
Kn  kn 

solution  of  equations  (4.  72)  and  the  equations  for  <P  . 

The  drag  polars  are  computed  from  equation  (4.71)  which  includes 
leading  edge  suction. 

4. 5  Span -Loading 

When  the  shape  of  the  wing  has  been  determined  the  span-loading  for  any 
leading  edge  condition  may  be  obtained  from 


C  c 
L  av 

d 


i  Ik 

Tf  5 


m  -  m 
m  m 


1+n+s 


in  i 


(4.73) 
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where  (x1)  ^ ,  -  1  for  the  delta  wing  and  for  the  wing  with  swept  trailing  edge 


m  -  my  m 
o  o 


lo  \  _y:  t  , 


(4,74) 


The  ib  were  obtained  from  the  minimization  process  and  the  E  (t)  may  be 
in  i 

obtained  from  reference  3  (Tables  II  A),  B),  C)  for  subsonic,  sonic  and  super¬ 
sonic  leading  edges,  respectively,  or  from  Figures  5.1  to  5.20)  . 

4 . 6  Chord-Loading 

Consistent  with  the  total  load  induced  by  the  various  basic  loadings , 

(  A  p/  q)  ,  the  chord -loading  is  defined  as 


C  b/2 

1_E 


,  n  ]  m  -  m  \  .  x 

=  2—  \  1  ^  j(-°- .  )mx'/ 

/n  /  ,  in  ]  \  m  m  '  \  i 

\  -  0  1  0 


v  t  / 


m  -m 

/  m  -  m  v  r  o  a  \ 

+  (  — - )[  (m  -  m  )  x'  +  m  ]  /  I  — - )  dy  '  (4.75) 

\  m  m^  /  o  °  /  '  11  l 


which  reduces  to 


C  b/2 
Ld 


2  M  x.  N-|-  (Air 
P  .  .  m  /  V  d  - 

i  =  0  J 0 


(-*  -  7fi) 


for  delta  wings. 
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In  reference  3  It  was  shown  that 


/  m  -  m  \ 

4/3  \  r+s 

-l - J(x’)  F  (t) 

tt  \  m  m  /  i 

O 


(4.77) 


where  the  F^(t)  are  given  therein  (see  Tables  III  A),  B),  C)  for  subsonic,  sonic, 
and  supersonic  leading  edges,  respectively,  or  Figures  5.21  to  5.40). 

Since  (  A  p/ q).  have  integrable  singularities  at  the  leading  edge  for  subsonic 
and  sonic  leading  edges  the  results  of  equations  (4.  70)  and  (4.  77)  are  presented 
unalvtlcallv : 


C  b/2 
(1 


•  ,  (li 


'c.  y 


in  \  b/2  /{ 


(4.7s) 


where 


/ C  v  \ 

'  V  b/2/ 


are  given  in  Table  II  for  m  ^  1  . 


For  the  supersonic  leaning  ouge  case  one  can  plot  the  pressure  > dstributions 
[equation  (4.  77)  j  for  any  given  chordwise  position  and  graphically  integrate 
equations  (4.75)  or  (1.70)  since  there  are  no  singularities. 
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3.0  DISCUSSION 

The  analytic  means  and  procedure  for  minimizing  the  drag -due -to -lift  of  tri¬ 
angular  ..ings  has  been  outlined  in  the  pre\ ious  section.  To  aid  the  engineer  in  carrying 
out  similar  in\ estigations  some  illustr  ati examples  for  sonic  (M  =  2 . 0 >  and  super¬ 
sonic  (M  =  2.,' i  leading-erge  delta  ^Ings  are  presented  in  section  9.0.  The  procedure 
is  spelled  out  for  the  sonic  leading-edge  de.ta  and  the  results  are  tabulated  for  the 
supersonic  leading-edge  design  conditions. 

S' nee  there  are  six  wings  to  be  discussed  the  following  designations  are  used: 


Wing  Warp  "6;."  •  C 


.0:17,  M 


2.3  (m  -  1.323 » 


03  7,  M  =  :  .z,  C  =  0 

J  M.36c 


’em"  :  C. 


. 0S7.  M  ,  =  1.1.  C  n„_  =  0, 

d  M .  30c 


t  vo  straight  hinge  linos  (Figure  4.1) 


.  130.  M  =  2. 0  (m  =  1  0) 
d 


.  1 3(1 ,  M  =  2 . 0 ,  C  =  0 

d  M.  36c 


'it":  C 


.  i:  11,  M  =  2. 0,  C  •  =  0, 
d  M.i-Oc 


t./o  straight  hinge  lines 

Tlrnse  lift  coefficients  perm.t  tip*  configurations  to  maintain  h-vel  flight  at  the 
assume  1  design  Mac!,  numbers.  The  boundary  conditions  for  tin  t  o  straight  hinge  Ini  s 


are  defined  in  Figure  -1 .  ! . 
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A  comparison  of  the  drag  polars  ith  tht  trimm-  d  and  untrimmed  flat  plate  is 
presented  in  Figure  5.  1  These  curves  are  trimmed  only  at  the  design  lift  for  the  ”a” 
ar.d  "(3"  types.  Figures  5.  1  (a)  and  (b)  present  th.'  results  for  configurations  designed 
for  the  supersonic  and  sonic  leading  edges,  respectively.  As  expected,  less  drag  reduc¬ 
tion  is  realized  as  the  number  of  restraints  are  Increased  In  ali  cases.  The  effect  of 
Mach  number  on  the  drag  polars  is  illustrated  in  Figures  5.2  to  5.3  for  the  supersonic 
and  sonic  leading  edge  design  conditions,  respectively. 

The  pitching  moment  curves  are  presented  in  Figure  5.4  at  each  design  Mach 
number.  The  effect  of  Mach  number  for  the  various  wing  designs  is  Indicated  in  Figures 
5 . 5  and  5 ,  (1 . 

The  effect  of  t.dst  and  camber  on  the  span  loadings  at  the  design  condition  are 
shown  in  Figure  5.7  with  the  flat  plate  span  loading  for  the  supersonic  and  sonic  leading 
edges.  It  is  observed  that  all  the  .-arped  wings  <ie\  late  from  the  elliptic  scan-loading  of 
the  fiat  p.ate.  1  (An  elliptic  span-loading  is  a  sufficient  but  not  a  necessary  condition 
and  the  drag  reduction  results  mainly  from  the  marked  improvement  in  the  chord  loading,  ) 
The  tequii  ament  for  t.vo  straight  hinge  -lines  (a-tvne  wing)  Is  accompanied  by  a  penalty  in 
both  drag  and  bending  moment  as  indicated.  Fieri  res  5.8  and  5. .  show  the  effect  of 
Mach  number  on  ti  e  span  loading  for  each  wing  at  M  -  2.0  and  2.  f . 

The  chord  loadings  resulting  at  the  design  condition  are  compared  to  the  flat  plate 
loading  in  Figuio  5. 10.  It  is  observed  thill  the  effect  of  warp  generally  tends  to  modify 
tin  undesirable  tiianguiar  flat  \  late  loadings  in  some  mar.no;  toward  the  desired  elliptic 
shape.  The  effect  of  Mach  number  on  the  chord  loadings  is  illustrated  in  Figures  5.  11  and 
.12  for  each  wing. 

The  sh;.)es  of  the  wings  designed  for  each  restraint  are  shown  in  Figure  5.13  for 
each  of  t’  ’  .a  ’ln'--edge  conditions. 

21 

*'  This  is  substantiated  by  Fenaln  and  Valle  ■  who  presented  the  span-loading  for  a 
Go:  main  '  -tw  o  sonic  lending-edge  delta  .wing.  The  lcsults  heioin  are  in  perfect 
agreement  v  ith  the  Fern.in-Val  ee  computation. 


ri'HM  1  1 1  ?  A 
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6.0  CONCLUSIONS 

(1)  Maximum  drag  reductions  of  the  order  cf  10%  are  possible  depending 
upon  the  leading  edge  condition  for  untrimmed  warped  delta  wings  at  supersonic 
speeds.  Delta  wings,  however,  commonly  use  elevons  as  trimming  devices  al¬ 
though  they  are  inefficient.  For  trimmed  delta  wings,  however,  very  significant 
reauction  in  drag-due-to-lift  is  realized  by  proper  warping  for  both  sonic  and 
supersonic  leading  edges,  (No  investigation  was  made  for  subsonic  leading  edge 
designs.)  The  drag  reductions  were  46%  and  33%  for  the  trimmed  sonic  leading 
wings  with  one  (p  wing)  and  two  straight  hinge  lines  (a  wing)  respectively,  and 

51%  and  39%  for  the  corresponding  supersonic  leading  edge  designs  (  p  and  a  , 

a  a 

respectively). 

(2)  The  drag  reduction  procedures  lead  to  marked  forward  shift  in  chord 
loading  from  the  triangular  flat  plate  loading  for  the  trimmed  wings  {a,  p  ).  Very 
little  change  is  observed  for  the  untrimmed  (6)cases,  However, 

(3)  the  span  loading  does  not  retain  the  elliptic  shape  indicated  by  flat 
plates  having  sonic  or  subsonic  leadi  ng  edges.  The  trimmed  wings  appear  to  be 
affected  more  adversely  than  the  untrimmed  type  wings.  The  trimmed  wings  with 
one  straight  hinge  line  (p-type)  indicate  greater  inboard  shift  of  load  than  the  nn- 
trimmed  wings  (6 -type)  for  sonic  and  supersonic  leading  edge  designs  whereas 

a  significant  outward  shift  in  load  is  observed  for  trimmed  wing  types  having  two 
straight  hinge  lines  (a).  (It  is  pointed  out,  however,  that  the  current  approxima¬ 
tion  agrees  excellently  with  the  loauing  for  the  absolute  minimum  drag  wing  com- 

_  21 

puted  by  Fenain  and  Vallee 

(4)  Without  trim  as  an  aerodynamic  restraint  the  shapes  resulting  from 
the  current  procedure  for  sonic  and  supersonic  leading  edge  designs  results  in  the 
desirable  bending  of  the  leading  edge  into  the  free  stream.  The  imposed  condition 
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of  trim  counteracts  this  feature  and  requires  large  positive  angles  of  attack  in 
the  immediate  vicinity  of  the  root  chord, 

(5)  Preliminary  results  (not  shown)  indicate  that  the  trimmed  drag  in¬ 
creases  significantly  below  and  above  the  design  condition. 

(6)  The  Dynamics  Group  has  programmed  a  procedure  to  determine  the 
shape  required  to  deflect  to  the  design  shape  under  aeroelastic  load.  This  IBM 

704  program  has  been  arranged  to  provide  the  input  required  for  the  design  of 
sweptback  wings  having  stream  wise  tips. 

(7)  The  Theoretical  Aerodynamics  Group  has  had  programmed  the  pro¬ 
cedure  to  obtain  the  input  required  to  design  pointed  tip  wings  with  swept  super¬ 
sonic  trailing  edges. 
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B .  0  APPENDIX  OF  FUNCTIONS 

8.1  Tabulated  Functions  H.  .(t) 
In  general 


H.  _(t) 

i,0 

Ej(t) 

(8.1) 

Hi,l(t) 

= 

t  iyt) 

(8.2) 

Hi,2(t) 

= 

Gj(t) 

(8.3) 

H  „(t) 

1  t  «•* 

= 

2 

t  ^(t) 

(8.4) 

= 

t  Gjft) 

(8.5) 

H,  .(D 

I  ,  il 

= 

Bj(t) 

(8.6) 

= 

t'  Kj(t) 

(8.7) 

H  ,<0 
*  1  * 

= 

t2  G.  (t) 

l 

(8.8) 

= 

t  gj(t) 

(8.9) 

V 

= 

h.  (t) 

(8.10) 

K  (t),  G  (t >  for  M  1  s  9  are  given  in  Tallies  II,  A,  B,  C,  and  IT,  A,  B.  C,  of 

reference.';,  respectively,  for  subsonic,  sonic  and  supersonic  leading  edges.  The 

functions  g.(t)  and  h  (t)  are  given  belmv 
i  i 
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A.  Subsonic  Leading  bdges,  m  <  1 


tt  2  2  2  2 

- -  (m  +  2t  H  m  -  t 

3m  E 


11) 


1  2  4 

- -  [  m  (2m  a  +  A  !.  ■  +  A  .  t  O, 

2  1  3o 
4m  A 


(*.12) 


tt  n 

;;  2  2.2  2  4 

g_(t)  = - ;  [  m  (2m  +  t  )  \  m  -  t  +  t  0, 

2  4mJAi 


(8.13) 


t r  4  2  2 

g.  (t)  =  0~  •  (  12m  a  +  m  (a  -oc,  )  t 

30m  A 


4  2  2 

+  2  a„  -  5c  )t  1  m  -  t 

2  3  J  ' 


(8.14) 


g  ft)  =  - -  J  (  108m4a,  +  m2  (9  a, ,  -  15m  c  +  10mA  )  t 

4  4  11  ll 

180m  A2 


4  i  2  2 

+  3  (9  a  +  10m  A  -  15m  c)  t  (  m  -  t 
v  11  2  9 


4  2 

+-  GOm  A„  t  G 
2  3 


(8.15) 


IT  4  2  2  4  2  2 

T“  <«“  V"  V 

15m  A 

2 


(8  •  I*) 
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1  i  4  2  2 

....  .  .. —  <;  m  40m  a  +  2m  (a,  +  Ome  )  t 
«>  4  4  1 

120m  A  , 

3 


3  4  2  2 

4-  (3a,  +  2me,  -  2m  cj  t  1  ’/m  -  t 

4  1  a 


3  6 

+  (3a  +  2me  -  2m  ’  c  )  t  3  jp 
4  1  5  3 


4  2  2  2 

g_(t)  =  •  .  m  [  80m  a  +  2m  (2a  -  9m  e  )  t 

7  -ion  ua  13  13  3 

180m  A 


2  2  4  2  2 

+  (f>a  -  3m  e  -  4m  c  )  t  ]  V  m  -  t 


2  2  G 

+  (Ga  -  3m  cfj  -  4m  c  )  0g 


1  3  2  2  4  2  2 

4  [  m  (BrrTa^ .  +  m  f  t  +  t  )  \  m  -  t 

144m  A„  ’’  ' 


4  ,42 

+  (72m  A  +  f  t  )  t  0 
3  4  3 


it  a^.  (  9  ^ 

g  (t)  =  ‘.J  —  (m  (  80m  a  +  2irT  (2a  +  9e  )  t 

60m°A  9 


f  J  (2a9  +  e2  +  4a49  >  ^  J  >  m2  "  ^ 


+  3  (2ag  +  e2  +  4a4tJ)  t  O..  ,• 


(8.17) 


(8.18) 


(H.  19) 


(8.20) 
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h  (t) 


h  (t) 

O 


h  (t) 


h  (t) 

8 


TT  4  2  2 

- ...  ■  m  [  10m  a  +  2m  (a„  -  3c  )  t 

f»  1  1  7  7  30 

120m  ( 


4,22  0 

+  3  (a?  -  3c.^)  t  ]  ,m  -  t  +3  (a,,  -  3c>j())  t  0^ 


1  6  4  2 

- - —  I  goom  a  +  36m  (2a  +  7m  e  )  t 

G  4  4  1 

31;i0m  A 


2  3  4 

+  m  (96a  +  oOm  e  -  36m  c  )  t 
4  1  5 


3  0,22 

+  2  (96a  +  56m  e  -  35m  c  )  t  ]  ym  -  t 
4  1  5 


2  it  ae  c  4  2  2 

- -  (  9€0m  ’a  +  9m  (8a,  „  -  21m‘-e,  )  t 

6  13  13  >> 

4725m  A 

3 


2  2  2  4 

+  m  (96a  -  42m  e  -  35m  c  )  t 

13  it 


2  2  6  2  2 
+  2  (96a  -  42m  e  -  35m  c  )  t  1  im  -t 

13  3  11  1 


1  6  5  ,  2 

- 7. —  [3600m  atr  +  00m  (2a,,  —  7f  >  t 

0  .  j  15  IlJ  J 


75,600m  A  ( 


2  4 

+  m  (160  a  +  35m  f  +  350m  f  +  2016m  A  )  t 
15  3  4  3 


(8.26) 


(8.2  7) 


(8.28) 


'  ' 
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2  2  5/  2 

12m  (m  -1) 


,  2  '  2  '  2  2,  2 

[  2m  J  m  -1  (5m  -t  )  l  1  -  t 


4,3  4  4  3  4 

+  (3m  a  Mm  t  -  c  t  )  0  *  (3m  a  -  4m  t  c  t  >  0, 

^  J  It  1  J  1-fr  2 


2  •</  2  4 

+  4  (m  -I;  tG 


( 3 .  o  3 ) 


T'i,  2  , ,5'2  1  l-  -k  ,'so 

GOm  (m  -It 


.i  (>  5  2  ,> 

+  (fim  +  tom  t+  1 1 >m  a^y  t  +  k  t  )  09 


n  2  4  2  2  1  2 

2m  m  -1  (1  ■  m  *-  m  k  t  -  k  i  VI  -  t 

'  19  2‘. 


,, .  1  ,  5  0  3  2 

K/11  ~  . . ,  0  n  3  (Mm  +  15m  a  t  +  ldm  a  t 

4  a  2  o  2  35  '•,() 

l'.Oin  (m  1) 


,  o  5  G  5  2 

-  k  t  )Q  <-  3  (l  .m  -  15m  a  t  +  lUm  a  t  e  k  t  >  0 
45  1  35  3G  4  3  2 


„  •'  2  '  4  2  2  4  .  2 

+  2m  \  m  -1  (18m  a,  „  -  m  k  t  —  k  _  t  )  \  1  -  t 

3 -j  44  15  ' 


( ,i.  54  i 


2  :j  1 2  2 

GOm  (m  -1)  '  “  t"  O  ] 


(S. 55 i 


4  2  5/2 

GOm  (m  -li 


2  (2m  a  -  5m  a  t  e  10m  t  -  c  t  )  O 
50  In  10  1 
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5  4  5.  2  5 

+  3  (2m  a,.(  r  ,im  t  +  10m  l  +  t  ) 


2  4  2  2  4  2 

+  2m  i  m  -1  (9m  a,  -  m  a  t  -  c  t  i  [  1  -  t  ]  (3.  oft* 

■  ?L  21  44  * 


B6(l'  ■  “ . TT  l/!  I  2m2  \Jir,2-l  (10m4 +  m2  t2 

360m  (m  -1) 


4  5  2  '  2  7/  2  6 

»■  -'ik  t  )  \  1  -  t  +  6(-  -1)  k  t  0 

AO  AO  4 


6  7  6  2  7  3  6 

9  (10m  a,,  -  26m  ao  i  +  46m  at-  20m  a  l  +  k  t  )  G 
24  2.  26  27  24  1 


6  7  6  2  7  3 

••  '1  (I'm  a,  +  36m  a  t  »-  lorn  at.-  20m  a  t 
24  25  26  27 


+  k  t  )  0 
24  2 


( ■) .  5  7 1 


rr  (t)  = 

I  3  2  7  2 

360m  (m  -li 


1  6  7  6  2 

[  5  (2m  a,.,  +  lUern  t  i-  9m  a,  t 


3  3  6  6  7 

t-  4m  a  t  -  k  t  )  0  +  6  (2m  a  -  106m  t 

39  27  1  37 


..  >a  -  ,  i,  2  7/2  6 

+  9m  t  -  4m  a  t  -k  t  )0  p  10  (m  -1)  t  O 
33  59  27  2  - 


i-  10m 


2  2 


2  2 


m  -1  (2m  a  ^  *  m  k^,  t  "  k2S  1  )  1  ”  1  ]  (3.66) 


L. 


T* 


4  2  7 ''  2  '  “  (m  _1)  (12Um  +fi2t  ,l  °4 

720m  (m  -1) 


2  2  4  2  2  4  \  i 

+  m  m  -1  (40m  a,  +  2m  1  t  +  2  f  t  >  V  1  -  t 

'42  10  11  ’ 


(>  „  7  4  2  7  2  (1 

6  (lcm  a,,,.  -  12m  a,  t  +  15m  a,  t  -  100m  t  f  f  t  )  G 
2a  44  45  9 


0  ~  4  2 

(1  (10m  a  .  +  12m  a  t  -i-  15m  a  t 
2  /  44  45 


7  :<  fj 

+  100m  t  +  f  t  )  0  ] 


5"  \  "  '7 '2  [  3  (1°m<Sl2  H  3(im\>4  1  "  4’:,ml,a25  ^ 

fjijOrn  (m  --1) 


5  2  0  (I  a 

0  20ra  a„  t  -  k  1)0  +  3  (10m  a  -  3Gm  a  t 

20  40  1  22  24 


i  0  2  a  2  0 

4am  a„  .  t  -  20m  a  t  -  k  t  10 
25  20  40  2 


2  7/2  G  2,  2  4 

1-  42  (m  ~li  tG  +  2m  1/ m  --1  (10m  a 

4  21 


2,2  4  \i  2 

m  ku  1  "  •■k12  1  )\  1  -  t  | 


1  4  4 

2  '  f  (m  “  1  1  (0i  h  d0‘ 


4m  ym  -1 


2  2  2  2  2  1 
m  m  -1  t  1  -  t  +  m  1  to 
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,  /t .  1  ,  6  7  4  2 

h  (ti  -  ~  •'  -  [  12  (10m  +■  8m  a  _  t  i-  jm  a  t 

4  4  c  !<•> 

480m  (m  -1) 


G  6  7  4  2  0 

-  k  t  )  0  +  12  (10m  -  cm  a  t  +  5m  a  t  -  k  t  )  0 
oO  1  85  36  50  2 


4  J  '  "  2’ 


2  |  2  4  2  2 

+  m  ym  -1  (30m  a,  -  2m  kr  t  -  5k„  t  1/  1  -  t 

8.i  51  ,i2 


2  5/2  4  4  2 

+  3  (m  -1)  (40m  -  k.  t  )  t  0 

a  3  4 


(•’.65) 


h.(t)  -  - -  -1--  r  f  (ltm6a  -  24m'a  t  +■  45m6  l" 

•J  ^  m  O  £  KJ  /  L.  J()  X  ^ 


120m  (m  -1) 


6  G  5  0  2  G 

k  t  )  G  +  (10m  a  +  24m  a  t  +■  45m  t  -k  t)0 

4 1  X  .5W  L  *»  17  Z 


2  \f  2  4  2  2  4  ./  "  2' 

y  rn  ~1  (10m  n  -  3m  f  f-  U  t  \  M 


+  2m  -1  (10m  a,  -3m  a1(Tt  >-  k  t  )  \jl  -  t 

13 1  1  /  4  ( .  * 


0  ,2  5/2  G 

+  2  (m  -1)  k4a  t  04  ] 


(3.  60) 


h  (t)  =  - 

6  ,  ,  o  Ai  (/ 

840m  (m  -11 


1  1 1  2  G  4  2 

3  2  -■  ?/2  f  2m'Jm  -1  (20m  a00  <-  2m  k,  „  t 


22  37 


w  I 

f  m  k  t  +k  tlyl-t  -  2  (2('m  a  -  70m  a  t 
3d  89  *  24  2.) 


+  84m  a  ,  t  -  35m  a  t'  +  k  t  )  0 

26  27  ::o  i 


„  7  8  7  2  .*1  9 

-  9  (20m  *•  70m  .  t  (-  84m  a^(.  t  35m  a(J„  t 


20 


27 
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96  '  2 


h„(t) 

i 


h  (0 

h 
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1  7  8  7  2 

f  (20m  a,  *  1060m  t  t-  81m  a  t 
■1.27/2  .1 7  88 


840m  (m  -1) 


4  3  7  7  8 

i-  35m  a  „  t  -  3k  t  )  0  +  (20m  a  -  lOoOm  t 
39  58  1  37 


7  2  4  7 

*  ti4m  a  t  -35  m  a  t  +  3k  t  )  0 

80  5 


>8  2 


2  '6  4  2 

f  2m  'Jm  -1  (20m  a(  i  2m  k  l 

40  59 


2  4  6  5  2 

k  t  +  k  t  )  \j  1  -  t  ] 

fii  61  *  1 


m 


01 


5  ~  2  7 '2  1  -  "A,' 


("'.  661 


37801'm  (m  -1) 


U  ±  / 

+  84m  a  t  -  525m  t  +  k  t  i  Q 

54  1 


-  45  (G0m  a  *-  70m  a  t  +  Mm  a  t 

25  44  45 


8*5  ***  jo  ^  *42 

i-  525m  t  ’-k.  t  * )  O  +  2m  1  m'-l  (900m  a ,  ,  -  13m  k.. _  t 
,  1 4  2  '  42  i  o 


2  4  6  ,i  2  5  2  7/  2  2 
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h9(tl  =  “  6  2  7/2  '  3  (2°m  a22  ”  70m  *24  ‘ 

840m  (m  -1) 


7  2  (i  3  7 
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2  Tabulated  Abbreviations 


See  Table  I,  Reference  5.  for  A  .  b  ,  c, ,  e  ,  f  not  listed  here. 

i  i  i  1  i 


[  m  K  +  !:.'  (3  -  4m  )  ] 


2  2  2  4 

m  K  (7  -  5m  )  r  2K  (2  ••  8m"”  +  i>m  ) 


2  2 
[  m  K  -  E  (4  -  8m  )  j 


4  2  2  2  2  2  4 

om  K  -  2m  Kb  (13  -  7m  )  +  E  (32  -  2  m  +  12m  I 


2  2  2  4 

2m  K  (3  -  4m  )  -  E  (12  -  19m  +  am  ) 


I 


ANALYSIS 
PREPARED  BY 
CHECKED  BY 
REVISED  BY 


C  O  N  V  A  I  R 


A  DIVISION  or  GrNfAAL  DYNAMICS  corporation 
SAN  O I  EGO 


PAGE  91 

REPORT  NO.  XA-2C9 
MODEL 

DATE  :,0  October  19.1 


A. 


40 


47 


48 


4  2  2  4  2  2  4  (, 

m  K  (10  -  ;j7m  o  1.7m  )  -  2m  KE  (8  -  2:.im  -  19m  *•  82m  ) 


2  2  4  0  8 

-  E  (82  -  140m  +  2(i;jm  •-  179m  i-  20m  )  J 


4  2  2  4  0  2  2 

A  =  [  m  K  (82 0  -  16G3m  +  2040m  -  05. >m  )  +  2m  KE  (108  -  140m 

41 


4  0  8  2  2  4  0 

+  650m  -  1417m  +  080m  1  -  h  (2010  -  7052m  ^  12383m  -  9742m 


8  1 0 

+  2831m  +  100m  )  j 


,  2  2  4  2  4(> 

A  =  [  m  K  (0  -  9m  -  5m  )  -  1.  (12  -  27m  +  17m  -  10m  )  ] 

42 


43 


2  2 
m  K  -  1.  (5  -  4m  )  j 


2  2  2  4 

A  „  =  [  2m  K  (  1  -  2m  )  t  E  (5  -  11m  +  8m  ) 

44 


4  2  2  2  2  4  2  2 

A  =  [  m  K  (  7  -  24m  >  t-  8m  KE  (7  -  8m  +  6m  )  -  E  (140  -  245m 

45 


4 


+  12^m 


,  2  2  2  4 

A,  |  m  K  (7  -  9m  )  -  2E  (7  -  11m  i-  2m  )  ] 

40 


2  2  4  2  4  6 

m  K  (15  -  39m  +  10m  )  !.  (15  -  ;>7m  1  82m  -  32m  )  ] 


4  2  2  4  (|  4  2 

m  K  (420  -  1057m  ^  E.i'Im  -  000m  )  -f  2m  KE  (P>8  +  ;itom 


4  0  2 

1313m  -i  024m  )  -  I.  (10.- 


2  4  0  fj 

07  70m  11245m  -8.  09m  +  2528m 


+  90m  ^  1  j 


ANALYSIS 
PREPARED  BY 
CHECKED  BY 


C  O  N  V  A  I  R 

A  DIVISION  OF  CCNCRAl  DYNAMICS  CORPORATION 
SAN  P I  EGO 


PAGE  92 

REPORT  NO.  ZA-2.j'J 
MODEL 


REVISED  BY  DATE  October  1  95 7 


ANALYSIS 
PREPARED  BY 
CHECKED  BY 
REVISED  BY 


C  O  N  V  A  I  R 

A  DIVISION  OF  G  CN  C8AL  DYNAMICS  COUPON ATIO N 
SAN  DIEGO 


PAGE  93 

REPORT  NO.  ZA-259 
MODEL 

date  30  October  19.. 


ANALYSIS 
PREPARED  BY 
CHECKED  BY 
REVISED  BY 


C  O  N  V  A  I  R 

A  DIVISION  or  GENfRAl  DYNAMICS  CORROAArtON 
SAN  DIEGO 


PAGE  94 

REPORT  NO.  ZA-259 
MODEL 

date  ;iq  October  195  7 


k2G 

0 

k27 

- 

(i  4  2 

1dm  -  35m  i  2  <m  -  .. 

k2ti 

4  2 

1dm  +  49m  -  10 

k29 

= 

,  4  2 

10m  -  11m  +  4 

k30 

- 

2 

jra  -  4 

k:il 

= 

n  4  2 

2m  +  7m  -  12 

ka2 

= 

„  4  2 

30m  -  47m  +  20 

k,3 

= 

2 

Sm  -  5 

k34 

4  2 

dm  -  l'im  +  10 

k:>5 

- 

2 

3m  -1-20  i 

k 

= 

„  G  4  2 

/0m  -  lGlm  130  m  -  40 

k 

:  7 

- 

4  2 

107m  +  100m  -  12 

k 

3  ) 

= 

„  C  4  2 

2m  -dim  +  ln4m  -4' 

k39 

= 

,  d  0  4  2 

4m  +  4  dm  -27dm  +  32  dm  -120 

k„ 

= 

o  «  -  ^  2 

2i  m  -  'iom  +•  2*m  -  ;• 
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o 
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1 

M 

W. 

LA 

«r 

j 

* 

% 

*  ;> 

aJ 

eg 

< 

H 

sf 

H 

CO 

J 

H 

lA 

H 

^7 

H 

m 

< 

Vi 

A 

O 

oo 

C 

0 

cd 

H 

PA 

ft 

H 

$ 

r-A 

<< 

« 

LA 

PA 

H 

00 

vO 

s* 

»H 

ro 

o 

§ 

04 

N 

-4 

J 

i 

< 

•■> 

A 

d 

AJ 

<r‘ 

LA 

<4 

1 

<  ' 

VI 

.1 

< 

•■■J 

AJ 

1 

A 

c 

A 
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•o 

a) 

a 

1 

sT 

3 

O 
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•^A 

1 

PA 

< 

■ 

o 

H 

■NJ 

°n 
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tA 

11 

A- 

CO 

ON 

8 . 3  Tabulated  C  *  Functions 

_ LJ _ 


C.  Supersonic  Leading  Edges 


j 

1 

0 

1 

2 

3 

4 

5 

0 

4 

8[m^9 

m  -1] 

2  r  * 

„  2 

2m  +1 

3  r  * 

lp  * 

m 

.1  2’ 

3irm  i  m  -1 

3  CD 

0,0 

2 

3m 

4  , 
0,1 

C/ 

2D 

0,0 

U 

1 

4 

2  I  j  1 

2[m  a„,_0*a,  un  -1] 

67  17 

3  r  * 

„  2 

6m  +1 

4  P  * 

3  p  * 

EE 

3 

,  2  3/2 

3mn(m  -1) 

4  D  * 

1,0 

15m2 

6  V 

C  * 

5  D,  n 
1,0 

IP 

mm 

8 

2  1  2  ' 

2[m  k,  _0+c  Jim  -1] 

15  14 

3  p  * 

4  p  * 

3  P  * 

m p 

Mm 

Z 

3 

_ .  2  3/2 

3rrm(m  -1) 

t  * 

4  D„  A 
2,0 

2 

15m 

5 

t  ¥ 

5  D„  n 
2,0 

45 

2 

2[  3m2ag30+bg6Jm2-l  ] 

4  P  * 

12m2+l 

5  p  * 

2  „  . 

mm 

mm 

3 

3 

2  8/2 
15Tnn(m  HL) 

5  °D 

3.0 

45m2 

v 

6  D 

3,1 

311 

2[c\o 

0+b.  Jm2-1] 

41 

4 

*  n  g 

10m2+l 

6  p  * 

2  p  * 

4 

L 

2  5/2 

15-irm(m  -1) 

(J  w 

5  D,  n 
4,0 

2 

30m 

C  w 

6  D 

4,1 

C  * 

3  D,  A 
4,0 

10 

6 

2 

2[m2b320>3b33'|m2-l] 

n 

2 

20m  +1 

5  C  * 

2  C  * 

2  5/2 

15irm(m  -1) 

45m2 

8  \i 

3  ^  A 

5,0 

106 

6 

2 

2  I  2  ' 

[3m  a„  9+b  Jm  -1] 

70  37 

5  r  * 

2 

20m  +1 

6  ~ 

5  p  • 

Jm 

5 

2  7/2 

45vm(m  -1) 

C  p 

6  „ 
6,0 

2 

105m 

nog 

C  ♦ 

7 

6,0 

1  Lu 

7 

8 

[3m2b420^bJm2-l) 

5  p  * 

4(18m2+l) 

6  p  . 

6  p  * 

in 

15 

2  7/2 

45xrm(m  -1) 

C  * 

6  D 

7,0 

2 

315m 

c  * 

7  D 

7,1 

—  c  * 

7  D 

7,0 

12( 

8 

m 

t6m2b44e+b45^m2-1] 

6  P  * 

6  p  « 

6  p  * 

IB 

B 

2  7/2 

45mn(m  -1) 

u  w 

0  Dn  . 

8,0 

2 

105m 

c  * 

7  D 

8,1 

C  * 

7  Dq  n 
8,0 

m 

9 

8 

[3m2l>38©-M>39,lm‘!-ll 

6  p  * 

II ::  81 

6  p  * 

5  n  * 

5 

45irm(m2-l)7//2 

3  n 

9,0 

2 
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—  c  * 

7  D 

9,1 

—  C  * 

7  D 

9,0 
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4 

5 

6 

7 

8 

9 

n 

* 

4  Dn  , 
0,1 

— C  * 

2  Do,o 

4[  3m40+  a^J  m2-l] 

—  C  * 

5  D0,3 

Ac  * 

5  Vi 

-  C  * 

5  V 

2 

•1 

4  r  * 

wm 

2[  3m\  9+  k jJ  m2-l] 

X  2 

6  P  * 

2  p  * 

6  p  * 

2 

6  \i 

BB 

AC  3,  2  3/2 

45irm  (m  -1) 

u  * 

6  *1,3 

g  w 

3  V 

G  * 

6  Dl,« 

11 

4  r  * 

3  p  • 

2[  3m\59+  k6^m2-l] 

5  P  * 

■■ 

6  P  * 

2 

m 

5  V 
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3  2  8/2 

46irm  (m  -1) 

6  D 

2,3 
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C  w 

6  D 
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5  r  * 

2  C  * 

2(3111^  0+k  \|m2-l ] 

3  4 

6  p  * 

mm 

6  p  * 

2 

6  CD 
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3  D3.0 

3  2  5/2 
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7  C°o  o 
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7  CD 
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6  p  ♦ 
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2 
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6  D 
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3  2  5/2 
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G  w 

7  \3 
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2  r  * 

2[  Sm^  9+  k  im2-l] 

7  o 

6  p  * 

Ac  . 

7  D5.1 

8  P  * 

6  V 

3  D 

5,0 

106Tnn3(m2-l)5/2 

7  \* 

7  CD 

6,5 

1 

-6  p  * 

6  p  * 

(3m6b263+b27L2-ll 

7  P  * 

3  p  * 

7  p  * 

C  * 

7  D 

6,1 

C  * 

7  D6,0 

5  2  7/2 

420rnn  (m  -1) 

c  w 

8  D6,3 

c  ® 

4  V 

C  * 

8  D6,6 

±1L 

2 

—  c  * 

7  \l 

Ac  • 

7  °7,0 

[  lSm^  0  +  k^ J  m2-lj 

1260imi3(m2-l)7^2 

ic  • 

8  °7.3 

—  c  * 

4  D7,. 

—  c  * 

8  D7.5 

!_r  , 

5  r  * 

|m4ka29*k63'lm2-i) 

xc  * 

±C  * 

7  P  * 

[2 

7  °8. 1 

7  CD 

8,0 

3  2  7/2 

420mn  (m  -1) 

8  Cd0  O 

8,3 

4  CD 

8.1 

8  CD 

8,5 

fcIL 

6  p  * 

5  p  * 

[3m4k99-*-kio'(in2-l] 

7  p  * 

3  p  * 

7  p  * 

7  V 

C  * 

7  Dn  n 
9,0 

3  2  7/2 

42  Oral  (m  -1) 

8  CD 

9,3 

c  * 

4  V 

c  * 

8  Dn  c 

9,5 

1 


c  • 

8.3  Tabulated  Functions 

A _ 


D.  Limiting  Case,  m  «  0  (M  «=  1.0) 


J 

i 

0 

1 

2 

3 

4 

5 

0 

1.57080000 

.66666667 

1.04720000 

.39270000 

.50000000 

.78540000 

1 

.66686667 

.31830914 

.50000000 

.20000000 

.25464731 

.40000000 

2 

1.67080000 

.66666667 

1.17810000 

.39270000 

.53333333 

.94248000 

3 

.39270000 

.20000000 

.31416000 

.13090000 

.16666667 

.23180000 

4 

.66666667 

.31830914 

.53333333 

.20000000 

.26525762 

444444A4 

5 

1.67080000 

.66666667 

1.25664000 

.39270000 

.55566556 

1.04720000 

• 

6 

.26666667 

.14147073 

.22222222 

.69523810 

.12126063 

.19047019 

• 

7 

.39270000 

.20000000 

. 32725000 

.13090000 

.17142857 

.28050000 

• 

8 

.66666667 

.81830914 

.65555556 

.20000000 

.27283641 

.47619048 

9 

1.57080000 

.66668667 

1.30900000 

.39270000 

.57142857 

1.12200000 

• 
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2 

3 

4 

5 

0 

7 

8 

9 

.39270000 

.50000000 

. 78540000 

.26066067 

.31418000 

.40000000 

.62832000 

.20000000 

.25404731 

.40000000 

.14147073 

.16666667 

.21220609 

. 33333333 

.39270000 

.53333333 

.94248000 

.26666667 

.32725000 

4 AAAAAAA 

•  TTTTIXII 

.78540000 

.13090000 

.10000007 

.26180000 

.09523810 

.11220000 

. 14285714 

.22440000 

333333 

.20000000 

.20525702 

.44444444 

. 14147073 

.17142857 

.22736307 

.  S8096238 

.39270000 

.65555550 

1.04720000 

.26686667 

.33660000 

.47619048 

.89760000 

222222 

.09523810 

. 12120003 

.19047019 

.22222222 

.08333333 

.10010305 

.10606667 

A 

.13090000 

.17142857 

.28050000 

.09523810 

.11453750 

.15000000 

.24543750 

53556 

.20000000 

.27283041 

.47019048 

.14147073 

.17500000 

.23873186 

.41666067 

> 

100000 

l 

.39270000 

.57142857 

1.12200000 

.26666667 

.34361250 

.50000000 

.98176000 

9 


8.4 


Tabulated  T  *  Functions 

_ _ 


A.  m  <_JL 
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2irm(l-m2)  ^A, 


2  5/2 

16m(l-m  )  A 


2  5/2 

8mn(l-m  )  Cr 


8m(l-m2)  5/^2A  24Trm(i-m2)5^2A 

51  5 


16A  E 
3 


5A  E 
3 


2  7/2  2  7 /2 

8m(l-m  )  A,  E  8m(l-m  )  A  E 
51  5 


4Tita(l-m2)7^2C  I  4m(l-m2)7^2A  4mn(l-m2)7^2A 

3  1  51  5 


T  * 

8.  4  Tabulated  — -7^-  Functions 
_ A _ I _ 


B.  Limiting  Case,  m  *=  0  (M  =  1.  0) 


\ 

0 

1 

— 

2 

3 

4 

5 

0 

78540000 

16666667 

-1. 04720000 

; 

-.39270000 

-.60000000 

78640000 

1 

— 

15915457 

50000000 

20000000 

-.  25464731 

-.  40000000 

2 

— 

— 

39270000 

-.31416000 

40000000 

-.  62832000 

3 

— 

— 

— 

-.  06545000 

— 

1660667 

-.26180000 

4 

— 

— 

— 

— 

-.  10610305 

-1. 04720000 

5 

_ 

— 

— 

-.26180000 

6 

— 

— 

— 

— 

— 

— 

7 

— 

— 

— 

— 

— 

— 

8 

— 

— 

— 

* 

— 

— 

n 
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0000000 


6464731 


0000000 


666667 


0610305 


5 

6 

-. 78640000 

-. 26666667 

-.40000000 

-. 14147073 

-. 62832000 

-. 22222222 

-.26180000 

-. 09523810 

-h.  04720000 

-. 12126062 

-.26180000 

-. 76190476 

31416000 


16666667 


-.26180000 


11220000 


-.14285714 


-.22440000 


-.03536768  -.08333333 


-.04908750 


-.  40000000  -.  62832000 


21220609  -.  33333333 


-. 33333333 


52360000 


-.14285714  -.22440000 


18189094  -. 28571428 


-.28571428  -.44880000 


10610305  -. 16666667 


-.  12500000  -.  19635000 


-.  78540000 


-.  19635000 
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8.5  Tabulated  Geometric  Boundary  Condition  Functions 

Note: 

These  functions  are  not  related  to  any  aerodynamic  quantities. 
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1 
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* 
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27 
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_ 
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= 
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X  +  3  m  X  t-  2 

m  X 
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1 
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= 
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m 

2 
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') 
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9 

1 

1 
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0 

0 

C 

_ 
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1 

1 

11 
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_ 
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2 
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12 
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C 
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Atm,,  compute  (C*)^,  (G  *)^  ,  (C  *)^  from  eouations  (4.  39i,  (4.4  s), 
a  L  M  D 

and  (4.36).  Results  presentee,  in  Table  VI. 

Solve  following  matrix,  the  size  of  which  depends  upon  the  number  of 
terms,  n  ,  of  the  series,  for  "5"  class  of  wings: 


)2<Cn  i  (k'|  <  (CL*)(kl 


!  <cl'> 


(k,  i 


i  “l 


Results  for  a,  and  presented  in  Tables  VII  A)  and  B)  for  n  =  0,  i,  i.  .  .  . 
kn  1 

8.  Solve  follov.dng  12  x  12  matrix  for  "|3n  class  of  wings: 


^(CD+)  (k)  •!(CL*)(k)'  >  (CM*)(k) 


(c  *v 

(CL)  I  1.0  • 

n  H2x' 


*  (k) 
(CM  > 


Results  for  :■  ,12  (k  f  ,  1  .  .  .  0,  1  =  1 ,  2)  presented  In  Table  VIR. 

1:9  i 
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9. 


10. 


For  wing  with  two  straight  hinge -lines  only  compute  A  ,  B  .  C  ,  D  , 

K  K  K  K 

E  ,  F  from  section  a.  5.  Results  tabulated  in  following  section  10. 
K  K 

Solve  following  1G  x  16  matrix  for  "a”  class  of  wings: 


1  2(CdO 


(k) 


•  c. 


D. 


,:k  '■  ! 


(cl‘>  (k> 


kn 


o  :• 


(cA;) 

M 

C. 


D. 


(k) 


1.0 

l(-2x_ 


m 


J 


•'  a  i 


'  o 


This  matrix  is  presented  as  Table  VIII.  The  inputs  for  steps  7  and  0  may 

be  obtained  directly  therefrom.  Results  for  a  ,12  (k  =  0,  1  ...  9. 

kn  i 


1  =  1,  2  ...  6;  presented  In  Table  IX. 


11.  For  subsonic  m  (  4  m  only  compute  *  from  section  0.3  and  X^  .  and 

i.i  ,J 

T.  .from  section  s.4.  Results  ^resented  In  Tables  X  and  XII.  These  results 

•  i  j 


12. 


will  be  used  later  to  obtain  drag  poiar  for  subsonic  leading  edge  speeds. 

For  subsonic  m  with  suction  only:  compute  for  each  k  =  0,  1  ...  0  and  n  =  3 
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<LrXkk 


X  T 


pi  ^’k  i  =  o 


a  +  ! 


'•  P=0 


XT* 
pi  p ,  k 


p=k+l 


X  T  * 
pi  k ,  p 


i=k+l 


where  q  is  assumed  to  be  unity.  T  *  and  T  *  are  obtained  from 

J  p ,  k  k ,  p 

Table  XU  and  X  is  obtaine..  from  Table  V.  This  computation  will  result 
1 K 

in  a  contribution  to  each  term  of  the  10  x  10  diagonal  matrix  of  steps  7,6, 
ano  10.  The  procedures  of  steps  7,  a,  and  10  should  be  solved  with  this 
change  for  the  three  wing  types .  No  subsonic  design  was  carried  out. 

Atm  ,  ^  are  obtained  from  equation  (4.-12).  Results  are  presented  in 
d  k9 

Table  XIII. 


14.  For  wings  with  two  straight  hinge-lines  onlv,  compute 


\  V 


=  0  (Z  ’  -flat  x'  =  y  '  =  0) 


:■  =  -  B  a 

0  2  k  kn 

k=(J 


r  ohm 


g  A 


ANALYSIS 
PREPARED  BY 
CHECKED  BY 
REVISED  BY 


C  O  N  V  A  I  R 

A  DIVISION  or  GENUAL  DYNAMICS  CORPORATION 

SAN  DIEGO 


PAGE  111 

REPORT  no.  ZA-259 
MODEL 

date  ,j0  October  19.'- 7 


15.  At  m  compute  Z'/pC  from  equation  (4.44).  Results  are  ulottee  In 
d  Ld 

figures  5.13  (a)  and  (b). 

This  completes  the  design  phase.  The  following  procedure  Is  used  to 
obtain  drag  r.oiars,  pitching-moment  versus  lift,  span  and  chord  loadings. 


10.  Repeat  steps  (1)  -  (3)  for  each  value  of  m  for  which  the  drag  polartiis 
required.  Repeat  step  (11)  for  m  <  1. 

17.  For  each  wing  defined  by  a  set  of  T,  retain  for  k  si.  Compute 

k9  k9 


ro9 


versus  C  /C 
.L  L 


c. 


c 


o9 


n=9 

\  • 

1  =  1 

CL* 

0 


l  C  * 
19  L. 


.■/here  C  *  v.ere  computed  In  step  10. 
L1 


2 


Is.  Compute  C  .  pc 


CD  |,CL 


C  < 
o9  D 

o.o 


ro9 


1  =  1 


1  X  + 
i  9  i,i 


;  =  i 


0,1 


j  =  2  T  \j 


i  =  1 
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+  I  I  di  T  *  +5  ^  r  T  * 

i  |  o9  o,o  o9  {  '  j9  o ,  j 

L  J  =  1 


7  v“  T  * 

M  19  i-i  )9  uj 


where  the  bracketed  quantity  is  used  only  at  m  <  1  if  suction  Is  con¬ 
sidered.  The  results  are  shown  in  figures  G.l  to  5.3. 

Compute  ^ .*  36ff 


M  -  9 

.36c  _  -  *  \  '  j  + 

Cr  Vo9  M  {-->  "k9  M, 

L.  o  k=l  k 

d 


1  +  2  x  N  C 
m  \  L 


\  ■> 


Results  are  shown  in  figures  5.4  to  5.(>. 


. _ *. 


Page  113 
Report  No.  ZA-259 

TA_BLE__m  Date  30  October  1957 

Tabulated  j  for  Supersonic  Leading  Edge  Delta  Wing  (m  «  1.3229) 


LT\  nj  LTN 

(7\  if  CO 

S  Pi  St 


^  ir\  r— 

H  ltn  00 

8  £ 

oj  no  lpi 


no  o 

co  os 

ITS  ro 

no  H 

no  uo 


OJ  cO 

Lrv  ro 

ON  CM 

lTs  i/N 

CM  no 


TABLE  V 


Orthogonal  Weighting  Numbers,  X 

Lfev 


A.  m ,  =1.0 
_ d 


0 

1 

2 

3 

4 

5 

0 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

1 

— 

-2.63941037 

.82019914 

-7.63179373 

-3.39190044 

6.42733122 

2 

— 

— 

-1.90612390 

.25590190 

-1.77173909 

-7.66956789 

3 

— 

— 

— 

8.26023442 

-3.66137821 

-1.17192060 

4 

— 

— 

— 

7.84446076 

-6.59984910 

5 

6 

—  — 

—  —  — 

—  —  — 

7.59867248 

7 

8 

— 

— 

— 

— 

6 


l.oood 


-14.3882 


.8142 


37.4563 


-.86123 


-.43690 


-25.440351 
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4 

5 

6 

7 

8 

9 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

-3.39190044 

6.42733122 

-14.38826824 

-10.59266946 

20.04671238 

10.94322939 

-1.77173909 

-7.66956789 

.81422060 

-. 90779663 

-18.22034812 

-17.86958396 

-3.66137821 

-1.17192060 

37.45537664 

7.80303914 

-121.09680520 

12„ 77278589 

7.84446076 

-6.59984910 

-.86125165 

18. 71090866 

81.13939664 

-81. 79588887 

— 

7.59867248 

-.43696215 

-.79416390 

17.48320522 

47.15048161 

— 

— 

-25.44035165 

12  .  54  7  95747 

14.58624367 

-7.79696608 

— 

— 

— 

-27.71630819 

107.07197680 

-3.08943351 

— 

— 

— 

-100.43084149 

43.84851317 

-31.46024774 


B.  =  1. 323 


TABLE 


Orthogonal  Weighting  Numbers , 


0  1.00000000  1.00000000  1.00000000  1.00000000  1.00000000  1.000000 


-2.76847801  .89589547  -7.05462078  -3.82783698  4.356023 


-1.98717332  .07015240  -1.92307372  -6.365035 


7.93103641  -4.36241790  .336658 


9.1972904  6  -5.798  548 


6.363320 
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- 
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5 

6 

7 

8 

9 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

1.00000000 

3.82783598 

4.35602319 

-15.09206687 

-9.22653695 
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-6.36503616 
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6.56416860 

-45.53044138 
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9. 19729046 

-58 79854876 

-.08029822 

19.12685379 

47.95218670 

-36.31595856 

— 

f.  35332056 

-.69923349 

-.07965857 

8.16615806 

31.66005630 

— 

— 

-27.47050081 

15.06332213 

.32673792 

1.40298368 

1 

— 

— 

-30.72531763 

50.48045256 

-11.67865633 

k 

i 

f 

— 

— 

-54. 10164811 

-30.50070508 

1  ___ 

— 

— 

_ ,n 

— 

-21.23905279 

i 

I 

* . — -  --  ■■  *•  -kM»irT  *  ■  —  —  •  *» 
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TABLE  VI 

Orthogonalized  Lift,  Pitching  Moment  and  Drag  Coefficients 

for  Sonic  and  Supersonic  Leading  Edge  Designs 

1 

m  =1.0 
d 

|r 
i ! 

m  =  1.323 
d 

1 

K 

<c  *><k'  ! 

M 

i.  . . t  - 

(k) 

(C  ) 

D 

<cL*)(k) 

<v>(k)  i 

i 

<v>,k’ 

0 

i 

4.00000000 

-4.00000000  4 

oooooooc 

;  4. 00000000 

1 

i 

-4.00000000 

| 

4.00000000 

i 

!  * 

! 

i 

.4  ->0794991 

0403446 

92777943 

J 

. 32203852 

i 

i 

. 13771702 

1 

1.24205461 

i 

!  2 

-.  14980748 

. 66807296 

76942257 

1  -. 10461117 

. 61767676 

. 74654546 

i 

i 

3 

. 01355088 

. 07179736 

31136800 

.  06831932 

. 02664484 

1 

. 39371790 

4 

i  .  15G3C3G5 

1 

-.08118241 

24005200 

. 05702573 

-. 03583210 

. 39000779 

5 

-.  07290818 

-.00425171 

50189968 

-. 03296611 

. 00211309 

. 34096674 

n 

.04600996 

-.02217679 

13304791 

. 01219065 

. 00253886 

j 

.29699663 

ft 

t 

. 01755929 

.02651313 

07615624 

. 03844953 

. 00142927 

.  12737657 

8 

. 10994^4  7 

-.10250310 

70934113 

00517115 

01094553 

. 33951706 

0 

-. 06511975 

-.00031215 

3940149 

-. 01309560 

00155441 

.  1347494  9 

TABLE  Vn 


A .  =  1.0 


Tabulated  Minimizing  Numbers,  for  "6"  Wing 


11801350 


04422053 


.00991522 


.  14833614 


03308079 


I 
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5 


6 


8 


9 


.22772804 


.11801350 


-.04422053 


.00991522 


. 14833614 


.03308079 


.22690588 


.11758744 


-. 04406088 


. 00987942 


.14780061 


-.03296136 


. 07846745 


.22669762 


.11747952 


04402044 


. 00987035 


.  14766495 


-.03293111 


.07839543 


. 22582516 

.22527764 

. 11702739 

.11674365 

-.  04385102 

-.  04374471 

.00983237 

. 00980853 

.14709663 

. 14674002 

-.03280437 

-.  03272483 

. 07809372 

. 07790438 

.05226951 


. 05206835 


. 03500309 


.05194211 


.03491822 


-.  03723215 


TT 


TABLE  Vn 


Tabulfited  Minimizing  Numbers,  a^,  for  "6^"  Wing 


B.  m  =  1.323 
d 


.25000000  |  .24488810  I  .24401215 


.24330830 


24281569  .24262792 


.06349431  .06326719  .06308470  .06295698  .06290829 


,03419269  -.03409406  0.03402503  -.03399872 


.04222002  .04213454  .04210195 


.03550378 


.  03547632 


.02345830 


5 


6 


8 


9 


24281569 

.24262792 

. 24259546 

.24191730 

06295698 

.06290829 

.06290065 

. 06272404 

03402503 

-.03399872 

-.03399459 

-.03389914 

04213454 

.04210195 

. 04209684 

.04197864 

03550378 

. 03547632 

.03547201 

. 03537242 

— 

-.02345830 

-.  02345540 

-.02338959 

— 

--  -  - 

.00995780 

.00992984 

— 

— 

.07302456 

— 

(3 


.24191270 


. 06272285 


03389850 


.04197784 


.03537174 


-.02338914 


.00992965 


. 07302318 


00368455 


.24185839 


.06270877 


-.03389089 


.04196842 


.03536380 


-.02338389 


. 00992742 


.07300678 


-. 00368372 


-.01714364 


8.00000000 

0 

0 

0 

0 

0 

0 

0 

1.85555888 

0 

0 

0 

0 

0 

0 

0 

1.53884522 

0 

0 

0 

0 

0 

0 

0 

.62273594 

*0 

0 

0 

0 

0 

0 

0 

.48010406 

0 

0 

0 

0 

0 

0 

0 

1.00379952 

0 

0 

0 

0 

0 

0 

0 

.26609582 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4.00000000 

.48079499 

-.14940748 

.  01355688 

.15636365 

“.  07290818 

. 04600996 

-4.00000000 

-.04088446 

.66807296 

.07179736 

-.08118241 

-.00425171 

-.02217679 

0 

6.21037420 

.79139665 

32.80179484 

3.69623449 

-6.65238306 

101.64567210 

0 

0 

0 

-58.30750793 

-6.72712108 

10.93026568 

-399. 8223361o] 

0 

-29.13909032 

-3.71323492 

-82.59314638 

-9.11514816 

17.84475642 

-159. 67304270 

0 

0 

0 

0 

0 

0 

-305. 28421980; 

0 

0 

0 

0 

4.00000000 

-4.00000000 

0 

0 

0 

0 

0 

.48079499 

-.04088446 

b.  13  037420 

0 

0 

0 

0 

-.  14940748 

.66807296 

. 79139665 

0 

0 

0 

0 

. 01355688 

. 07179736 

32. 80179484 

0 

0 

0 

0 

. 15636365 

-.08118241 

3  89623449 

0 

0 

0 

0 

-.07290818 

-.00425171 

-6. 85238306 

.26609582 

0 

0  0 

0 

.04600996 

-.02217679 

101. 84567210  - 

0 

. 15231248 

0 

0 

.01755929 

.02651818 

17. 07888942 

0 

0 

1.41868226 

0 

.10994847 

-.10250310 

-154. 14265690 

0 

0 

0 

.78802982 

-.06511975 

-.00031215 

5. 75359687 

. 04600996 

.01755929 

. 10994847 

-.06511975 

0 

0 

0 

-.02217679 

.02651818 

-.10250310 

-.00031215 

0 

0 

0 

101.64567210 

17.07888942 

-154.14265690 

5.75359687 

0 

0 

0 

-399.82233610 

-60. 92149575 

541.46899080 

-30.16149862 

0 

0 

0 

-159.67304270 

-30.98012868 

271.86849430 

-4.90033197 

0 

0 

0 

-305.28421980 

-45.06894094 

374.81864930 

-26.29468678 

0 

0 

0 
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TABLE  Vm 

Tabulated  Input  Matrix  Suitable  for  Steps  7,  8  and  10 


)00 

0 

0 

0 

0 

146 

0. 21037420 

0 

-29.13909032 

0 

196 

. 79139665 

0 

-3.71323492 

0 

’36 

32. 80179484 

-58.30750793 

-32.59314638 

0 

!41 

3.  ;i9623449 

-6. 72712108 

-9.11514816 

0 

.71 

-0. 85238306 

10.93026568 

17.84475642 

0 

79 

101. 44567210 

-399.82233610 

-159.67304270 

-306.28421980 

18 

17. 07888942 

-60.  92149575 

-30.98012868 

-45.06894094 

iio 

t 

-154. 14265690 

541.46899080 

271.8684943 

374.81864930 

;i5 

5. 75359687 

-30. 16149862 

-4.90033197 

-26.29468678 

i 

i 

i 

0 

0 

0 

0 

0 

0 

0 

0 

► 

0 

0 

0 

0 

L 

0 

0 

0 

0 

- + - = - 

u 
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TABLE  IX 

Tabulated  Minimizing  Numbers,  a  ,  and  Lagrangian  Numbers,  ft 

IvB  i 


n 

I 


1 

'  --t 

— 

m  1.0 

T 

-  — . 

j: 

>1 

m  =1. 323 

K 

wing  "O' 

wing  " 1 " 

wing  "a.  " 

wing  "5  " 

wing  "0  " 

1  wing  "a  " 

0  . 

.22527764 

.21832508 

.23612771 

a 

)■ 

.24185839 

1  a 

. 23755486 

a 

1 

j  .25841132 

1 

. 11674365 

. 17919850 

.03265107 

.06270877 

.  .14039856 

1 

!  -.01463731 

i 

2 

-.04374471 

. 05151863 

. 19113832 

-.03389089 

,  .11302668 

i  . 29026704 

3 

.00980853 

. 04764634 

.  06147854 

. 04196842 

.09257252 

-. 02396235 

4 

. 14674002 

.  18584365 

.23077364 

.03536380 

,04629996 

.08533328 

5 

-. 03272483 

-. 05313289 

-.04800801 

-.02338389 

-.04223226 

l  -.02682149 

i 

6 

. 07790438 

. 10045629 

.18240293 

. 00992742 

.0230940 

i 

'  .00440714 

7 

. 05194211 

. 13097259 

-.  27335159 

. 07300678 

. 13836140 

-.07293541 

8 

. 03491822 

. 03530287 

.  11296483 

-.00368372 

-.01372429 

-. 01944488 

9 

i 

1 

-. 03723215 

05921872 

-.03893320 

-. 01714364 

-.03013857 

.00225664 

— 

. 71528444 

-1.30645055 

— 

-.9009050 

-1.  60231635 

2 

— 

. 27863429 

-. 83419513 

— 

-.  42579527 

-1. 08543372 

3 

— 

— 

1.09399773 

— 

— 

. 09591424 

4 

— 

— 

.31042628 

— 

— 

. 0536595C 

5 

— 

— 

.21485543 

— 

— 

-. 00260476 

(i 

— 

— 

-. 15465890 

— 

— 

-. 03744334 

HI  2  A 


TABLE  X 


CQ*  at  m  =  .  3  (M  =  1. 72) 


\j 

i  \ 

0 

1 

2 

3 

4 

5 

0 

3. 54507 

1.  50457 

2.36338 

. 88627 

1.  i.2843 

1. 77264 

1 

1.19040 

.61840 

.89280 

.40427 

. 49472 

.71424 

2 

2. 50046 

1.  06123 

1.  87534 

.62511 

.84898 

1.50028 

3 

. 69417 

.35431 

.47634 

. 24882 

. 29526 

.39611 

4 

.  92124 

.  49567 

.73699 

. 31906 

.  41298 

.61416 

5 

1. 91332 

.  81990 

1.53066 

. 48606 

.  68325 

1.27655 

6 

.36087 

.  23088 

.29239 

. 17073 

. 19790 

. 26062 

7 

.48126 

.  29753 

.40105 

.21190 

. 26602 

.34376 

8 

.  74381 

.41216  * 

. 61986 

.27649 

.35327 

.63129 

9 

1. 53889 

. 66716 

1.28241 

— n _ 

. 39850 

. 87186 

1.09918 

ft 
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i 

4 

5 

6 

7 

8 

9 

. 12843 

1. 77264 

. 60183 

.70902 

. 90274 

1.41803 

49472 

.71424 

. 29263 

. 33689 

. 41227 

.  59520 

84898 

1.  50028 

.42446 

.52092 

. 70749 

1.25023 

29526 

.39611 

,18842 

. 21327 

. 25308 

. 33952 

41298 

.61416 

.23957 

.  27348 

. 35398 

. 52642 

1 68325 

1.27555 

.33156 

.41661 

. 58564 

1.09333 

19790 

. 25062 

. 13370 

. 14939 

. 17316 

.21929 

25502 

l 

.34376 

.16166 

.  18541 

. 22315 

.30079 

35327 

. 53129 

.20291 

. 24193 

. 30911 

.46488 

b 

» 57186 

' 

1.  09918 

.27328 

. 34869 

_ A - 

. 50038 

.96178 

TABLE 


Tabulated  X  Numbers  at  m  =  .  8  (M  =  1. 72) 
* »  J 


7.09014  2.69497 


2.69497  1.23680 


4.86384  1.95402 


1.48044 


76858 


2.  04967  .  99029 


3.  68586  1.  53414 


.  95270  .  52351 


1.  19028  .  63442 


1.  64655  .  82442 


2.95692  1.26237 


] 

2 

3 

4.86384 

1.48044 

1.95402 

. 75858 

3.75068 

1. 10045 

1. 10045 

. 49764 

1. 58697 

. 61432 

3.03093 

.88216 

.71688 

,35915 

.92197 

.42517 

1.32733 

. 52957 

2.  53264 

rv  _ 

. 73802 

2.  04967  3.  68586 


. 99029 


61432 


.43747 


. 52850 


1.52*14 


1.58597  3.03093 


.  88216 


.82596  1.29741 


1.29741  2.56110 


.58218 


,  76037 


.70725  1.11693 


1.09828  2.19261 


qmrTMfpii 
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6 

6 

7 

8 

9 

3.  68586 

.96270 

1.  19028 

1.  64655 

2. 95689 

1.524M 

. 62351 

.  63442 

.82442 

1.26237 

3.03093 

.71688 

.  92197 

1.  32733 

2. 53264 

. 88216 

.  35&HF 

. 42517 

. 52957 

. 73802 

1.29741 

. 43747 

. 52850 

. 70725 

1. 09828 

2.56110 

.58218 

.76037 

1. 11693 

2. 19251 

.  68218 

. 26740 

. 31105 

. 37607 

. 49257 

.  76037 

.31105 

.37082 

. 46508 

.64948 

1.11693 

.37607 

.46508 

. 61826 

.96526 

2. 19251 

. 49257 

. 64948 

-fO 

.  96526 

1. 92361 

B 


TABLE  XH 

Tabulated  T  *  at  m  -  ,8(M»1,  72) 


-.  76006849 


1 

2 

-. 63673496 

-. 70539762 

-.  15202290 

-. 33683274 

— 

-. 18657763 

— 

— 

-.38031133  -.39918064  -.42442730 


-.  19370833  -. 20331925  21617842 


-.21459697  -.22524429  -.17831709 


-.12272945  -.18645017  -.14346646 


-.  07081362  -. 47307662 


-. 07992746 
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i 


4 

5 

6 

7 

8 

9 

39918064 

42442720 

25895068 

-.25892735 

-.27699598 

-.  28848687 

20331925 

-.21617842 

13738991 

-.13737754 

14696410 

-.  15306074 

22524429 

17331709 

15220540 

-.  15219172 

-.  16281205 

-.  16956614 

18645017 

14346646 

09378370 

-.09377525 

-.  13862131 

-.  10448077 

07081362 

47307662 

09843682 

-.  09842795 

-.  33079952 

-.  10966463 

07992746 

41866029 

-.10465315 

-.11195612 

-.  11660050 

— 

03492154 

-.06983679 

-.07471018 

07780945 

— 

— 

-.03491524 

-.07470345 

07780245 

If 

*“  —  * 

— 

- - 

-.03995823 

-.  26148074 

i 

i 

—  —  “ 

-  -  " 

”  a 

- - 

-.  04334225 
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TABLE  Xm 

Tabulated  IE  Numbers 
k9 


K 

wing  "6  " 

m  =  1.  0 

|  wing  ";3  " 

i 

1 

1 

i  ” 

wing  :V 

wing  "6  " 

8 

m  =  1.  323 

wing  ']3  " 

wing  'b  " 
a 

0 

. 5496328G 

1 

1  . 83696234 

i 

*  ' 

.74724424 

i 

*  i 

. 38673144 

. 70242826 

.48287398 

1 

-2.72871959 

-4.80472272 

1  l 

.18278224. 

i 

I 

-1.72239912 

-3. 17265221 

.64311731 

2 

.  12489720 

.36703383 

1  ‘ 

1  i 

-1.47291804 

. 27911418 

.23270134 

-.30588421 

3 

-1. 79869800 

-.47103300 

! 

17851169 

1. 07047030 

2.60732825 

. 02553522 

4 

7.40590117 

1(  69653731 

8. 89786642 

2. 30238191 

3.  75190880 

-1.46939469 

5 

-1.46898848 

-2. 72663258 

-. 08814618 

-. 73320368 

-1.35786145 

-. 25467238 

6 

-. 53052396 

. 06445776 

-6. 119iu543 

. 84986208 

1.47950478 

-1. 22230327 

7 

2.41414553 

.33282367 

13. 7. '194529 

-2. 22889768 

-4. 59 202833 

1. 23302277 

8. 

.. 

-5.  1 3  44063 

-6. 14214  76 

-13.05231586 

-. 32359778 

17674093 

1.  12082.  17 

> 

1.  17133266 

1. 86303560 

1.  22484812 

. 36411467 

.54011468 

-. 04792890 

FORM  i  :j  i  2  A 


